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ELECTRIC-RAILWAY SYSTEMS 


METHODS OF SUPPLYING CURRENT 


1. Electricity is now generally conceded to be the most 
economical power for the operation of street railways. It 
has shown itself superior to horses, compressed air, or cable, 
both as regards flexibility and cheapness of operation. 
Cable roads may be advantageous in some very hilly locali- 
ties; but for ordinary traffic, most of the cable roads installed 
some years ago have been converted into electric lines. 
Compressed air has been used in a few cases, notably in 
mining work, but for general purposes electricity has the 
field practically to itself. 


2. So far, electric cars have been operated by direct 
current almost exclusively; that is, the current supplied to 
the cars is direct though the current supplied from the 
station may be alternating. On roads where a considerable 
amount of power has to be transmitted a long distance, 
alternating current is used in order that the transmission 
may be carried out economically at high line pressure, but 
even under such circumstances the general practice has been 
to step-down the alternating current and transform it to 
direct current before supplying it to the cars. On roads 
where the distance of transmission is not very long, direct 
current may be supplied from the station and the use of 
alternating current is unnecessary; if boosters are used, as 
described later, the radius of direct-current supply can be 
extended considerably. 

The direct-current series motor is admirably adapted for 
traction work, and alternating current has not been used to 

For notice of copyright, see page immediately following the title page 
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any extent on the cars for the reason that heretofore no 
alternating-current motor that could compete on all points 
with the direct-current motor has been available. A number 
of roads are operating in Europe on which polyphase induc- 
tion motors are used, but the induction motor has never 
been used to any extent in America because it presents a 
number of disadvantages. It is essentially a constant-speed 
motor and is not well adapted for work where a variable 
speed, large starting torque, and decreasing torque with 
increasing speed are desired. Again, three-phase motors 
necessitate at least two trolley wires. However, it has long 
been recognized that the use of alternating-current motors 
on cars would simplify and cheapen the construction of 
roads on which alternating current must be used for the 
transmission of power. Rotary converters are dispensed 
with and it becomes possible to use a much higher pressure 
between the trolley wire and the rail. Within the last few 
years, a great deal of experimenting has been done on thé 
use of single-phase motors for traction work, and it is prob- 
able that this type of motor ‘will be largely used for inter- 
urban roads. A single-phase motor requires only one 
trolley wire, and the motors so far developed have speed 
and torque characteristics very similar to those of the direct- 
current series motor. It is safe to say, therefore, that in 
many future installations alternating current will be supplied 
to the cars and rotary-converter substations dispensed with 
on those roads where -the conditions are such that direct 
current cannot be used economically for the transmission 
from the station. 


VOLTAGE 


3. The voltage at which current is supplied to the cars 
has in the past been limited principally by the conditions for 
sparkless commutation on the motors and also by considera- 
tions of safety. It is difficult to build direct-current motors 
that will operate without sparking or flashing under the severe 
conditions incidental to electric traction, if the pressure is 
over 650 volts. Also, in places where the trolley wire is 
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exposed, as in public streets or along public highways, the 
pressure should not be much over 500 volts on account of 
the danger to life. Thus, the general practice has been to 
use from 500 to 550 volts for city traffic and 600 to 650 volts 
for interurban traffic. Under conditions of heavy load, the 
pressure may be very much lower than these figures because 
of the large line drop. On interurban lines operating on a 
private right of way, there is no reason why a pressure 
higher than 650 volts could not be used between the trolley 
wire and track, provided that motors could be made to 
operate satisfactorily on the higher pressure. Experiments 
have shown that there is no special difficulty in collecting 
current at high pressure from an overhead trolley, though, 
of course, the wire has to be insulated better than is usual 
for ordinary 500-volt work. On the Berlin-Zossen experi- 
mental three-phase road, a trolley pressure of 10,000 volts 
was used without difficulty. With alternating-current motors, 
the current can be supplied at high pressure and stepped- 
down by means of a transformer carried on the car. The 
use of alternating-current motors will therefore in all proba- 
bility be accompanied by trolley-wire pressures much higher 
than those customary with direct current, and a corresponding 
saving in the amount of copper required to supply current to 
the cars will be effected. The use of high trolley pressures 
will, of course, be confined to roads operating in places 
where the trolley wire will not be a source of danger. 


METHODS OF CURRENT COLLECTION 


4. Several methods are available for supplying current 
to the cars, but the one to be used in any given case is gen- 
erally fixed by local conditions. The usual methods are 
given below in the order of the extent of their application. 

1. By means of an overhead conductor or pair of con- 
ductors connected to the car by an under-running contact; this 
is known as the overhead-trolley system. 

2. By means of contact or conductor rails run alongside 
of, or between, the car rails, contact being made with the 


4 ELECTRIC-RAILWAY SYSTEMS § 36 


car by means of sliding shoes; this is usually called the 
third-ratl system. 

3. By means of underground conductors run in a con- 
duit and connected with the car by means of a contact plow 
passing up through a slot; this is called the opfen-conduit 
system, or slot system. 

4. By means of electromagnetic switching devices that 
make connection between the car and a conductor situated 
underground; this is usually called the electromagnetic, or 
surtace-contact, system. 

5. By means of storage batteries carried on the car; in 
this case no conductors between the power station and cars 
are necessary. 

It will aid in understanding the various methods of railway 
power distribution to consider, very briefly, the main features 
involved in each method. The details will be taken up later 
in connection with line and track construction. 


OVERHEAD-TROLLEY SYSTEM 


5. The overhead-trolley system is more widely used 
than any of the others. For lines in towns or cities, when a 
road is run along a public right of way and where the live 
working conductor must be placed so that there will be no 
danger of accidental contact with it, the overhead-trolley 
system is the cheapest both as regards first cost and cost 
of maintenance. 

Fig. 1 shows a simple trolley system supplied from a 
direct-current generator. The positive terminal of the 
generator connects, through the switchboard, to the over- 
head-trolley wire; the negative terminal connects to the rail, 
and the path of the current is indicated by the arrows. The 
current is carried to the moving car by means of the 
under-running trolley wheel. This arrangement, simple 
as it may seem, was not arrived at without considerable 
experimenting. In the early electric roads two trolley 
wires were used, and the track was not employed as one 
side of the circuit. This scheme is still used in a few 
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places, notably in Cincinnati. Also, on the first roads 
installed, the trolley wheel ran on top of the wire; but 
this method of collecting the current was soon superseded 
by the under-running trolley. 

It should also be noted that the cars are operated in 
parallel. This is true of all systems of distribution where 
current is supplied to the cars from an outside source. All 
street-railway systems are, therefore, operated at approxi- 
mately constant potential; i.e., constant or nearly constant 
pressure is maintained between the trolley wire and the track. 
Wherever connection is made from the trolley to the track 
through the motors, a current flows and the car is propelled. 


rs a ———— 
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Each car is independent of the others and takes an amount 
of current proportional to the power required to drive it. 
The arrangement shown in Fig. 1 admits of many modifi- 
cations. For example, except on very small roads, the 
trolley wire is not sufficiently large to carry the current 
necessary; so feeders, or heavy cables, are run to the 
station instead of carrying back the trolley wire itself. Also, 
in some cases, return cables are used in connection with the 
track. The overhead-trolley method is, at present, the only 
one that is available for the supply of current at high trolley 
pressures, the insulation provided by the other methods not 
being sufficient, to say nothing of danger from shock. 


Fic. 1 
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THIRD-RAIL SYSTEM 


6. The third-rail system is, in principle, the same as 
the overhead trolley. The trolley wire is replaced by a third 
rail mounted on insulators to one side of the track, or 
between the tracks on double-track roads, and slightly above 
the other rails. Current is supplied to the car by means of 
shoes that slide on the contact rail and the current returns 
through the track rails, as in the overhead system. Ina few 
special cases, two conductor rails have been used, the track 
not being employed to carry the return current. 

Fig. 2 shows the arrangement of collecting shoe for an 
ordinary third-rail equipment. The third rail aa is of the 
standard T pattern and is supported on insulators 6 resting 
on every fifth tie, which is extended for this purpose. The 
cast-iron shoe c is suspended from links, so that it is free to 
move up and down through a limited range, and the whole 
collecting device is attached to a wooden beam d carried by 
the truck. Cable e leads to the controlling devices on the 
car and connection is made to the shoe by means of bare 
flexible copper cable or braid /, the links not being depended 
on to carry the current. In some cases, a copper fuse is 
placed at @ to cut off the current in case of short circuits. 

The third rail is much used for roads where the traffic is 
heavy and when the presence of the contact rail does not 
interfere with other traffic. It is the outcome of a demand for 
a construction more substantial than the overhead trolley and 
better adapted to high-speed work and the collection of large 
currents. The contact rail provides a working conductor of 
large cross-section and long stretches of track can be sup- 
plied with current without any feeder other than the third rail. 


7. A No. 000 trolley wire has a cross-section of .132 
square inch; a 70-pound rail has a cross-section of about 
7 square inches. Taking the conductivity of the conductor 
rail as one-tenth that of copper, the rail will be equivalent 
to .7 square inch of copper, or 5.8 times the cross-section of 
the trolley wire. If especially soft steel were used for the 
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third rail, the resistance might not exceed 7 to 8 times that 
of copper; but even with steel not especially made for high 
conductivity, a 60- or 70-pound rail will provide a much 
larger carrying capacity than a trolley wire of the size 
ordinarily installed. The third-rail construction is generally 
considered more expensive than the overhead trolley, but as 
a matter of fact it is cheaper when the comparison is made 
on a basis of equal current-carrying capacity. 


8. This system is not without its disadvantages, and by 
some engineers it is thought that it will eventually give way 
to some kind of overhead construction more substantial than 
the ordinary trolley wire, or to some well-developed surface- 
contact system. There is unquestionably an element of 
danger in the exposed third rail even when the road is 
elevated, underground, or run on a private right of way 
carefully fenced in. The exposed live rail is in the way 
when track repairs are being made, though the trackmen 
soon become accustomed to it and accidents are sur- 
prisingly few. It is also very difficult to use it in yards 
and terminals, the numerous crossings of the tracks making 
the work very complicated and dangerous. On this account, 
on some third-rail roads the cars are equipped with over- 
head trolleys and all switching in the yards and at terminals 
is carried out by the overhead system. 


OPEN-CONDUIT SYSTEM 


9. The open-conduit system, because of the great 
expense of installation, is used only ina few large cities where 
the traffic is heavy enough to warrant the expense and 
where the city authorities do not permit the stringing of 
overhead-trolley wires and feeders. Current is supplied 
from two conductor rails placed in a conduit between the 
track rails. This conduit is closed at the top with the 
exception of a slot about $ inch wide, through which a plow 
suspended from the car passes. Two cast-iron shoes, 
carried by the plow, press sidewise against the conductor 
rails, and cables lead from the shoes to the motors on the 
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car. Fig. 3 illustrates the main features and Fig. 4 shows 
the arrangement of the plow in relation to the conductor 
rails. The conduit is made sufficiently deep so that mud 
and water will not interfere with the conductor rails, and at 
regular intervals sewer connections are provided. The two 
contact shoes s,s are pressed sidewise against the conductor 
rails a,a@ by flat springs 6,6. Shoes s,s connect to cables c,c, 
which lead to the motors and controlling devices on the 


Srreef Surface e jle 


WZ Uy Liam 
YY Mw 


Gerreroror 
Si ULONWING Current 


ear. The conductor rails a,a are connected to the power sta- 
tion by outgoing and return feeders run in ducts alongside the 
track. The part of the plow that passes between the slot 
rails ¢,e is made of steel plates riveted together, while tem- 
pered-steel wearing plates are fastened on the plow at the 
points where rubbing against the slot rails occurs. 

While this system works satisfactorily if the conduit is 
kept properly cleaned, and avoids the use of overhead 
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conductors, it is not a generally applicable method. The cost 
of construction is from four to five times that of an over- 
head-trolley line, and it is only on roads having a dense 
traffic that it can be made to pay. The construction of the 
conduit in cities usually neces- 
sitates the removal or rear- 
rangement of underground 
pipes, sewers, electric conduits, 
etc. that may lie in the path 
of the conduit, all of which in- 
creases the cost greatly. 


ELECTROMAGNETIC, OR SUR- 
FACE-CONTACT, SYSTEMS 
10. Surface-contact sys- 

tems have not been used to 

any great extent though many 
such methods have been in- 
vented. In only a few special 
cases have they been used in 
the United States; but in 
England and also on the Continent of Europe a number of 
surface-contact roads have been in operation long enough to 
demonstrate their reliability and safety. These roads are 
more expensive to install than those using an overhead 
trolley, but they are less expensive than open-conduit roads, 
are cheaper to maintain, and are equally effective so far as 
avoiding overhead wires is concerned. It is reasonable, 
therefore, to expect that surface-contact systems will find 
wider application in the future than they have in the past. 

All electromagnetic systems are more or less complicated, 

and of all the switching devices that have been invented 

comparatively few have been commercially operated. 


11. The general arrangement of such systems is shown 
in Fig. 5, where G is the generator with its negative ter- 
minal connected to the track rails, as in the overhead-trolley 
or third-rail systems. Insulated contact plates 7,7 are 
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mounted between the rails and project slightly above the 
pavement. In most systems, these contacts are in the form 
of small plates of hard steel designed to withstand the wear 
caused by traffic and by the current-collecting shoe on the 
car. Each contact is connected to the positive working con- 
ductor m through a switch s that is so arranged that the con- 
tact plate is connected to the live conductor only while the 
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car is over the plate. Thus, as the car moves along the 
switches operate, and the car is supplied with current by 
means of a shoe z that slides over the contact plates. In some 
systems, the switches are grouped in manholes, and operated 
electrically by means of solenoids or electromagnets; in others, 
the switches are placed under the contact plates and operated 
by means of powerful magnets carried underneath the car. 


12. General Electric System.—Fig. 6 shows the 
essential features of the General Electric surface- 
contact system, which belongs to the class in which the 
switches are operated by means of solenoids. Two rows of 
contact studs VV, VV are placed between the rails; the negative 
terminal of the generator connects to the track rails and the 
positive conductor connects to one of the fixed contacts of 
each of the switches K, as shown. The operating coils of 
the switches are connected between the lower rail and the 
lower row of contact studs; the studs in the upper row are 
connected to the remaining fixed contacts on the switches as 
shown. Eachcar is equipped with a small storage battery &, 
which is kept charged by passing a portion of the motor 
current through it; this battery is used to operate the 
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surface-contact switches when the car is started and also for 
lighting the car. The car is equipped with two long shoes, and 
when it is in motion the current takes the path indicated by the 
arrows, flowing from the positive working conductor through 
the switch contacts to the upper contact stud, thence through 
the motor, or combination of motors, through the lower shoe 
and contact stud, and back to the rail by way of the magnet 
coil. The current passing through the coil holds up the 
switch, and as the car moves along, successive switches are 
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brought into action, thus maintaining the path for the 
current through the car. The only live studs are those under 
the car, and as soon as the car moves off the studs become 
dead; there is thus no danger of Shock unless some of the 
switches fail to operate. When the car is started, current 
must be supplied from the storage battery in order to operate 
the switch; this is done by making the connections at starting 
as shown in the small diagram, where the battery is connected 
between the lower shoe and rail, thus raising the switch and 
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allowing current to pass through the motors. As soon as 
the car has started, the main current operates the switches 
and the battery is no longer required for this purpose. By 
making the shoes long enough so that the forward stud is 
touched before connection with the one in the rear is broken, 
the forward switch will pick up before the rear one drops, 
thus maintaining the circuit and avoiding arcing at the switch 
contacts. In an actual installation, the switches are not 
distributed along the track, but those corresponding to about 
200 yards of track are placed in a vault or manhole and 
connected to the studs by means of underground cables. 


13. Lorain System.—As an example of a surface-con- 
tact system where the switches are operated by means of 
magnets carried under the car, the Lorain system may be 
taken. This method is in successful operation for regular 
city traffic, and continuous use has shown that the danger 
from shock on account of switches failing to work is 
negligible. A switch is placed directly beneath each contact 
plate. The upper switch contact connects to the plate and 
the lower contact to the working conducter through a flexible 
copper ribbon. ‘The lower contact is mounted ona thin iron 
plate, and a series of magnets suspended under the car, with 
their poles near the surface of the ground, attract the plate 
with the lower contact and draw it up, thus bringing the 
lower contact against the upper one and establishing con- 
nection between the contact plate and the feeder. The 
contact plates and switches are placed 10 feet apart and the 
magnets under the car extend over a length of 16 feet. 
Thus, two switches are always closed at the same time; the 
forward switch is picked up before the rear one is dropped 
and there is no breaking of the circuit when a switch opens. 
The collecting shoe extends over two contacts, as in Fig. 5, 
and there is thus a continuous collection of current. As 
soon as the magnets pass from a switch, the iron plate, 
carrying the lower contact, drops, thus leaving the plate 
dead after the car has passed. The switch contacts are 
made of carbon so that there is very little danger of sticking. 
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A small storage battery is provided on the car to furnish 
current for energizing the magnets when the car is first 
started or to start the car after the current has been cut off 
from the line temporarily. Details as to the construction 
and method of mounting the switches will be given later in 
connection with track construction. 


14. Sectional Third Rail.—Electromagnetic switching 
devices can be used for the operation of third-rail systems, 
where the contact rail is divided into a number of short 
sections that are energized only when the car is passing. 
In this case, the contact plates, Fig. 5, are replaced by short 
sections of third rail and the system is much safer than the 
ordinary one where the whole rail is energized from one end 
of the line to the other. Sectional third-rail systems are used, 
to some extent, for the Operation of trains in tunnels and in 
other places where it is desired to reduce the danger from 
shock to a minimum. 


STORAGE-BATTERY SYSTEMS 


15. Many attempts have been made to operate electric 
street cars by means of storage batteries carried on the cars 
but none of them have proved really successful. The con- 
stant vibration and jarring soon cause the cells to deteriorate 
while the acid fumes given off by them have also proved a 
great drawback. It isnot worth while devoting space to a con- 
sideration of cases where the storage battery has been tried and 
abandoned. Forsome special kinds of traction work, batteries 
have proved desirable; as, for example, the operation of small 
electric locomotives for use around manufacturing plants. 

However, batteries may often be used to great advantage 
on railway systems when they are placed in power houses or 
substations to take up fluctuations in the load or to carry 
the whole load for short intervals. In work of this charac- 
ter, the battery is stationary and the deterioration is not 
nearly so great as when the cells are subjected to shocks 
and jars on a car. Moreover, a stationary battery can be 
made heavy enough to secure durability, whereas a street-car 
battery must be made as light as possible. 
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OPERATION BY DIRECT CURRENT 


16. The simplest method of supplying current to cars is 
by direct current transmitted from the generators to the 
cars without the use of any intervening transforming devices. 
The ordinary 500-volt system with its connections has been 
explained, so that it is only necessary here to describe some 
special features connected with direct-current distribution 
that pertain particularly to electric railways. 

The distance beyond which it becomes uneconomical or 
undesirable to operate cars by means of current transmitted 
at 500 volts depends so much on the character of the traffic 
and the frequency of the car service that it is difficult to 
assign any limits beyond which 500-volt distribution should 
not be used. Many roads are in successful operation where 
cars are operated 8 miles or more from the power station 
and, by installing storage batteries on the distant parts of 
the line, cars can be operated at greater distances without 
undue drop. On the other hand, roads with very dense 
traffic, as in large cities, cannot be operated for a radius of 
8 miles from the power house without an excessive expend- 
iture for copper. By careful laying out, however, there is 
no reason why most medium-sized roads cannot be operated 
over a radius of 6 to 8 miles by the 500-volt system and the 
use of alternating-current transmission is seldom necessary 
for such roads. 


HIGH- AND LOW-POTENTIAL BUS-BARS 


17. In many cases, the greater part of the traffic on a 
road is confined to a comparatively small area; lines run 
out to distant points, but the traffic on the outlying lines is 
light. By applying a higher pressure to the feeders running 
to these distant points, the pressure at the cars can be main- 
tained without the installation of an alternating-current 
transmission plant. Thus, if two pressures, say 500 volts 
and 600 volts, are available at the station, the short feeders 
supplying near-by sections can be attached te the 500-volt bus 
and the long feeders running to outlying sections to the 
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600-volt bus, thus allowing a drop of 100 volts in the long 
feeders. By using this method, the district supplied may 
extend for a radius of 10 or 12 miles from the power house. 


18. Fig. 7 illustrates a plan of connections where high- 
and low-potential bus-bars are provided. Generators 7, 2, 3 
are compound wound, as is always the case in street-railway 
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power stations, and their — terminals are connected to the 
rail bus-bar. Each + terminal is connected through a main 
switch, ammeter, and circuit-breaker to the middle point of 
a single-pole double-throw switch, by means of which the 
+ side of the generator can be connected to either the upper 
or lower bus-bar. 
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In Fig. 7, machines 7 and 2 are connected to the lower 
bar and are operating in parallel, their equalizing switches 
being closed. Machine 3 is connected to the upper bus, as 
indicated by the dotted position of the machine feeder switch. 
Most standard railway generators will generate 600 volts 
without difficulty, and machine 3 is supposed to generate 
600 volts while Z and 2 generate 500 volts. With the con- 
nections shown, any machine can be connected to either 
bus-bar. The feeders are also provided with single-pole 
double-throw switches to enable any feeder to be connected 
to either bus. Thus, if feeders 4 and & were supplying 
near-by sections, or if the load on them were light, they could 
be run from the 500-volt bus; while if feeder C supplied a 
distant or heavily loaded section it could be connected to 
the 600-volt bus by throwing its switch to the upper position, 
as indicated. By this method, a fairly uniform voltage can 
be maintained at the cars under widely varying conditions 
of load and distance of transmission. It should be noted, 
Fig. 7, that the generators are equalized on the — side, a 
practice that is now very common in railway plants. The 
— main switch and the equalizer switch are mounted side by 
side near the machine, and the negative leads are carried 
directly to the rail bus, thus simplifying the conditions. 


BOOSTERS 


19. When a road operates several sections a long dis- 
tance from the power house, the generators, even when run 
at 600 volts, may not furnish sufficient pressure to make up 
for the large drop in the feeders. In such cases the road 
may be operated, without using high-pressure alternating- 
current transmission, by using dvos/ers in connection with the 
main generators. A booster is a generator connected in 
series with the feeder or feeders on which the voltage is to 
be raised, in such manner that the voltage that it generates 
is added to that of the main generators, thus inoreasing the 
voltage applied to the feeders by the amount of the pressure 
generated by the booster. i 


186—3 
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In Fig. 8, a represents the armature of the main generator 
and 4 the booster armature. Short feeders supplying near-by 
sections are connected to the + bus-bar of the generator 
in the usual manner. Long feeders are connected to the 
4+ bus-bar through the booster, which in this case is sup- 
posed to generate 200 volts. For railway work, boosters 
are nearly always of the series type; i. e., the field winding 
is in series with the armature so that the voltage generated 
increases in proportion to the current that passes through the 
booster. Thus, when the load on the long-distance feeders 
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is light, the booster voltage is low because the field is weak. 
When a heavy load comes on, the booster voltage increases 
and automatically compensates for the drop in the long 
feeders supplied through the booster. If the booster were 
shunt or compound wound and thus generated a practically 
constant voltage regardless of the current supplied over the 
feeders, an excessive voltage would be applied to the cars 
at light loads because there would then be little loss in the 
line to take up the booster voltage. 


20. Method of Driving Boosters.—Boosters are 
nearly always driven by means of shunt-wound motors. Fig. 9 
shows a typical General Electric booster set, consisting of a 
shunt-wound motor J7 coupled to a series-wound booster B. 
Boosters do not differ in their general construction from 
other dynamos, except that their commutators are often 
larger than on standard generators, because of the large 
current that they carry in proportion to their size. Boosters 
could be driven by steam engines or any other convenient 
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source of power, but in most railway power plants electric 
motors supplied from the main generators are used. 


21. Output of Boosters.—The output of a booster, in 
watts, is equal to the product of the number of amperes passed 
through the booster and the number of volts by which the 
pressure is raised. Thus, if a booster carries 600 amperes, 
and if when this current is passed through it 200 volts is 
generated, the output of the booster is 600 x 200 = 120,000 
watts, or 120 kilowatts. If the current dropped to 300 
amperes, the voltage generated would, since the booster is 
series-wound, drop to about half the full-load voltage, i. e., 
100 volts, and the output would then be 300 X 100 = 30,000 
watts, or 30 kilowatts. Thus, the loss in the line is compen- 
sated for automatically and the voltage at the cars remains 
nearly constant notwithstanding fluctuations in load. 

The booster output for any given case will depend on the 
current taken by the feeders that require boosting. A com- 
mon size that has been found well adapted for average railway 
service has an output of 120 kilowatts, or 600 amperes at 200 
volts. For smaller roads, an output of 60 kilowatts or 600 
amperes at 100 volts will be found convenient. The booster 
shown in Fig. 9 is provided with a shunt S connected across 
the field winding. When switch ¢ is closed, part of the cur- 
rent flows through S and the voltage added by the booster is 
less than when ¢ is open. Thus, the boosting effect can be 
changed in case the feeder does not require the addition of 
the full booster voltage. 


22. Booster Connections.—A booster must always be 
connected in series with the feeder or group of feeders in 
such manner that its voltage will be added to that of the 
main generators. Thus, the — terminal of the booster must 
connect to the + bus-bar of the generator. Fig. 10 shows 
a plan of connections for a motor-driven booster. The 
main generators 1, 2,3 connect to the + bus-bar in the usual 
manner and the + bus connects to the — booster bus through 
switch a. Each feeder is provided with a double-throw 
single-pole switch 4, by means of which it can be connected 
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either to the main + bus or to the + bus of the booster. As 
indicated by the dotted lines, the long feeders 4,B are 
connected to the booster, while short feeder C is supplied 
with current directly from the main generator. The booster 
is driven by a shunt motor supplied with current from the 
main generators, and equipped with a circuit-breaker and 
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starting rheostat. The booster is connected to the booster 
bus-bars through an ammeter, circuit-breaker, and double- 
pole main switch. By following out the connections in 
Fig. 10, they will be found equivalent to the elementary 
connections in Fig. 8; all current supplied to feeders 4 and B 


22 ELECTRIC-RAILWAY SYSTEMS § 36 


passes through the booster and the voltage applied to them 
is increased by an amount proportional to the current. 

The motor circuit-breaker should be arranged so that in 
case it opens the motor circuit, the current will also be cut 
off from the booster. The simplest way of doing this is to 
mount the two circuit-breakers d,e side by side and have 
them interlocked so that when e flies out, d will also open. 
They should also be arranged so that d cannot be closed 
until after the motor has been started.. If current were cut 
off from the motor but not from the booster, the latter would 
be driven as a series motor and an unloaded series motor 
on a constant-potential circuit will race badly. If, therefore, 
the current is not shut off promptly damage may result. 


23. Booster Used With High- and Low-Potential 
Bus-Bars.—By combining a booster with the connections 
shown in Fig. 7, a number of voltages may be made 
available. Thus, in Fig. 11, the long feeders 4, 2 are con- 
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nected to double-throw switches 4,4, by means of which 
they can be connected either to the booster or to the 
600-volt bus. The shorter feeders C,D can be connected 
through double-throw switches c,c to either the 500-volt bus 
or 600-volt bus. A double-throw switch a permits the 
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booster to be connected to either machine bus. Thus, 
assuming that the maximum booster voltage is 200, the 
maximum voltage applied to feeders 4, may be either 
600 or 800. Short feeders can be supplied with either 500 or 
600 volts, thus giving a flexible arrangement that allows the 
voltage to be suited to the demands of any particular section 
of the road. 


24. Convertible Booster.—It is possible to arrange 
one of the regular station generators so that it can be used 
as a booster if necessary; this is often convenient on small 
roads or for temporary work where it would not pay to 
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install a regular booster. A machine so used should be 
arranged so that it can normally be run as a regular gener- 
ator and by means of suitable switches changed over to act 
as a booster, as shown in Fig. 12, where Z is one of the 
regular generators connected to the bus-bars. 
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In this case the +, —, and equalizer bars are shown 
together, but the negative and equalizer bars may be located. 
near the generators; also, the machines are shown equalized 
on the + side; but this is immaterial so far as the general 
plan of connections is concerned. The convertible booster is 
shown in the lower right-hand corner, /, 7, 7,7 being the 
series field coils and f,, f, fs, f, the shunt coils. With a 
machine of this kind, the series coils alone will not give suffi- 
cient excitation, so that it is necessary to use the shunt coils 
also. G,, G., G, are the main generator switches and AX isa 
special double-throw switch for changing over the connec- 
tions so that the machine acts either as a booster in series 
with the booster feeder or as a regular generator in parallel 
with Z or other generators that may be in service. When A 
is thrown to the upper position, the machine acts as a 
booster; but before it can do so, feeder switch A, must be 
opened. When X is thrown up, block 2 is connected to 3; 
7 to 6; blocks 9, 14, 16, 17, and 13 are connected together, 
as are also blocks 10, 11, 12, and 15. ‘The series coils of 
the machine are connected in series, but the shunt coils are 
connected to separate terminals so that they can be con- 
nected in series when the machine is used as a generator 
and in parallel when used as a booster. 7” and 6 are the 
terminals of the booster and when A, is closed, the feeder 
connects directly to the bus-bar, the booster terminals being 
short-circuited. When A, is open, all current supplied to 
the feeder must pass through the booster. Neglecting the 
shunt field for the present and assuming that A, is open 
and & thrown to the upper position, the path of the current 
from generator Z is as follows: ZL -+—Z7~—7’-6-7-CB (cir- 
cuit-breaker)—4 1 (ammeter)—G,—4 — —4+ —X—F-F-F-F-G, 
-2-3-c and back to Z — by way of the cars and track. 
When 4, is closed, the path is 2+ -—7-a—KX,-d-, and 
the booster is cut out. The shunt field is excited by con- 
necting the four coils in parallel so that a low voltage will 
provide sufficient excitation. The voltage for exciting the 
shunt coils is obtained by connecting them in parallel with 
a certain length of the feeder, thereby subjecting them to a 
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pressure equal to the drop in that part. Thus, the shunt 
coils are subjected to a voltage that varies with the current 
supplied over the feeder and their excitation will be propor- 
tional to the current; their effect will, therefore, be the same 
as if an equal number of ampere-turns were supplied by 
coils connected in series. One end of coil 4 connects to 
block 9 and the other end to 10; the ends of f, connect to 
blocks 14 and 15; f, to 11 and 13; and f,to 12 and17. When 
the booster switch is thrown up, similar ends of the shunt 
coils are connected together, positive ends being connected 
to blocks 10, 11, 12, and 15 and negative ends to 9, 13, 14, 
and 17. Block 16 connects to the iceder at some point d 
determined by the amount of feeder required to give 
the drop necessary for the excitation of the shunt field. 
Whez switch A is thrown down, the path of the current is 
A+ —X—/—/F—/~F-G,-2-1-T; out on the line by way of 
switch A, and feeder c to the cars and thence back to the 
rail bus-bar G through 8—7-C B-A M-G,-A—. ‘The shunt 
coils are now in series, as shown by the path 4+ —X-—R-f, 
~9—15-f,-14-11-f,-13—12-f,-17-18— Y and current flows through 
them in the same direction as through the series coils. 


25. Location of Booster.—Boosters are nearly always 
located in the power house. If located at any point out on 
the line they will, as a rule, entail an additional charge for 
attendance; and if motor-driven the power for their operation 
will have to be transmitted from the station, thus increasing 
the line loss. If the boosters were driven from some other 
source of power, this latter objection would not count, but 
there would still be the cost of attendance, which amounts 
to practically nothing when the boosters are placed in the 
power station, as they require such a small amount of 
attention that no additional help is required. 


26. Economy of Booster.—At first glance, the use of 
boosters for supplying distant parts of a railway system 
appears to be a very uneconomical method and that it would 
be much better to use high-tension alternating-current trans- 
mission with substations situated near the outlying districts. 
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It takes power to drive a booster, but it is only expended 
while it is needed, and the load on a given booster may be 
quite light for the greater part of the time. That i 
booster wastes a considerable amount of power only when 
the load is heavy. Again, with alternating-current trans- 
mission there is considerable loss in the transforming devices 
that is the same no matter what the useful load on a sub- 
station may be, and the annual cost of attendance alone for a 
substation may more than counterbalance the cost of power 
wasted by a booster, as compared with the cost of power 
wasted with alternating-current transmission. The use of 
boosters allows a given system to be extended without 
making any change in the generating equipment already 
installed, and distant sections can be fed without an excessive 
outlay for copper. These advantages are still more fully 
realized if storage batteries are installed out on the line and 
charged from the booster feeders. The batteries will charge 
during periods of light load and discharge when the load is 
heavy, thus keeping a fairly uniform load on the feeder and 
working it to best advantage. 

It is thus seen that the annual cost of operation with 
boosters may be actually less than with alternating-current 
transmission, and the question as to which is the best method 
for a given road is one that can only be decided by a very 
careful comparison of the cost of operation under the two 
systems. Roads are in regular operation where cars are 
run over a radius that in some cases exceeds 20 miles, by 
the use of boosters and storage batteries. These roads give 
satisfactory service, they are fully as economical in their 
operation as similar roads for which alternating-current 
transmission is used, and are less liable to interruptions 
from breakdowns in the various transforming appliances 
necessary with alternating-current transmission and direct- 
current distribution from substations. 
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ALTERNATING-CURRENT SUPPLY 


POLYPHASE TRANSMISSION 


27. Where roads are such that it is necessary to transmit 
the power for their operation by means of high-tension alter- 
nating current, the general practice has been to use two-phase 
or three-phase transmission and change to direct current by 
means of rotary converters located in substations. In some 
cases, as, for example, at Niagara Falls, current is generated 
by two-phase machines and transmitted as three-phase by 
connecting the step-up transformers on the Scott plan. On 
some of the largest systems, the alternators are wound for 
pressures as high as 11,000 volts and feed directly into 
the distributing system without the use of step-up trans- 
formers. Revolving field alternators are now almost uni- 
versally installed in preference to those of the revolving 
armature type. 


28. Fig. 13 shows the general scheme of distributing 
current for the Manhattan Elevated Railway, of New York. 
Current is generated in one large central station by revolving- 
field three-phase alternators direct-connected to 8,000-horse- 
power engines. The use of the revolving-field type of 
machine enables the current to be generated at 11,000 volts 
in the machine. It is distributed by means of heavily 
insulated lead-covered cables, run in underground conduits, 
to a number of substations, and there passed through 
stationary transformers that step-down the voltage. The 
rotary converters change the alternating current to direct 
current at about 625 volts, and from the substations it is 
supplied to the cars by means of a third rail and the ordinary 
track. The systems of distribution used by the Metropolitan 
Railway Company, of New York, and the London Under- 
ground are almost exactly the same as this one, except that 
the distributing pressures are somewhat lower. In the case 
of the Metropolitan road the distributing pressure is 
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On some roads, where a considerable part of the power is 
required near the station in the form of direct current, it may 
be advisable to use double-current generators and step-up the 
alternating current for transmission to the distant parts of 
the system. In most cases, however, where both alternating 
and direct currents are required it is better to install alter- 
nators, which are simpler than double-current machines, and 
obtain what direct current is required by means of rotary 
converters. 


SINGLE-PHASE TRANSMISSION 


29. The use of single-phase motors on electric cars 
is such a recent development that practice has not become 
settled regarding the best methods of distribution to be 
used. A number of plans are available and the one adopted 
in any given case will depend largely on whether the road 
is to be supplied from an existing transmission system or 
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whether new apparatus is to be installed chroughout. Fig. 14 
shows a plan where single-phase generators are used, the 
line voltage being stepped-down by transformers. This is the 
simplest plan and the one that would quite likely be adopted 
in case a new outfit were to be installed throughout. The 
trolley might be worked at a pressure of 2,000 to 3,000 volts 
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and the transmission carried out with a line pressure of 20,000 
or 30,000 volts. It should be noted in Fig. 14 that adjacent 
sections of the trolley wire are at the same potential and that, 
under ordinary working conditions, there is no electric strain 
on the insulator used to divide the trolley wire into sections. 

There are so many large transmission plants already in 
operation on the two-phase and three-phase systems that cases 
will frequently arise when single-phase railroads must be 
operated from them. This can be done by splitting the road 
into a number of sections and distributing them on the different 
phases so as to keep the load approximately balanced, thus 
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making the system more complicated than if single-phase 
distribution were used throughout. Fig. 15’shows a scheme 
whereby a single-phase road is supplied from three-phase 
alternators. In the substations, the current is transformed 
from three-phase to two-phase by the Scott arrangement of 
transformers and alternate trolley sections are fed from dif- 
ferent phases, thus balancing the load. By transforming from 
three-phase to two-phase, the secondary connections are con- 
siderably simplified. With this plan the trolley-section 
insulators are always subjected to a high pressure. 
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30. Figs. 16 and 17 show substation connections for 
single-phase railways as proposed by the General Electric 
Company, Fig. 16 showing substations supplied from a 
single-phase transmission line and Fig. 17% from a three- 
phase line. The plans are the same as indicated in the 
elementary diagrams, Figs. 14 and 15, the three-phase cur- 
rent being transformed to two-phase in Fig. 17. Two sub- 
stations feed into the same trolley section, thus dividing the 
load between the stations. The substation connections are 
very simple when compared with those for a station using 
rotary converters. All that is required in addition to the step- 
down transformers are the switches and protective devices. 
There is no moving machinery in the substations, constant 
attendance is unnecessary, and the use of single-phase motors 
makes the system as a whole nearly as simple as one using 
direct current. All switches used for interrupting the current 
are of the oil-break type; knife switches are provided for 
disconnecting various parts of the system, but these are not 
intended for opening the circuits when the current is on. 


THE POWER HOUSE 


31. Having explained the general methods of supplying 
current to electric cars from the working conductor, and 
the different systems available for transmitting the current 
from the central station to the cars, it will be necessary to 
take up the different parts of the road and describe them in 
detail. For this purpose the subject may be considered 
under the following heads: (a) The power house ; (6) the line 
and track ; (c) the car equipment. 


LOCATION OF POWER HOUSE 
32. The general design of power houses and the class 
of apparatus to be used in them has been fully covered else- 
where, so that only a few considerations affecting their loca- 
tion will be mentioned here. The power house, or power 
station, should be situated as near the center of the system 
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as possible, assuming that it is to be a steam-power plant 
and that its location is not already fixed by conditions having 
no connection with the traffic on the road. In the case of 
water-power plants the site is fixed by the location of the 
water-power, so that the following cannot, in general, be 
applied to such roads. By the center of the system is 
meant the center of the load or traffic. Since wires must be 
used to convey the power from the power house to the 
point where it is to be used, a part of the power generated 
will be lost in them. If they are not of sufficient size, they 
will cause a loss of power that will make itself very strongly 
felt in its effect on the speed that the cars make and also on 
the amount of heat that the motors develop. This loss will 
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depend on the resistance of the line and the amount of 
current that it has to carry. Hence, it follows that the center 
of the load may not be the geographical center of the system; 
in fact, these two centers very seldom fall in the same place. 
The true load center is located in the same way that the 
center of gravity of any system of bodies is located. The 
geographical center depends on the number of miles of track 
and how these are disposed; the load center depends on how 
the load is distributed. 

In Fig. 18, 48 represents 10 miles of track, free from 
grades and sharp curves, and on which a certain number of 
cars, 1, 2, 3, 4, etc., of about the same weight and equipped 
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with motors of the same size, run at regular intervals. The 
geographical center, or center of mileage, is in this case 
located at P, a point midway between the two ends, so that 
there is 5 miles of track on each side of it. Also, the load 
center in this case is at P; for, suppose that all the cars, 
except the two on the extreme ends, are running at full 
speed. Since the track is level and the cars and motors are 
alike, they will all take about the same power, and since the 
loads are evenly distributed throughout the length of track, 
they can be represented by circles of the same size, as shown 
in Fig. 18. Here there are seven loads on each side of the 
center line, and if each circle is supposed to represent a 
weight of a certain number of pounds, the center of gravity 
of the system will fall on the center line c/. So, also, if all 
cars, except the two end ones, are supposed to stand still or 
to coast along with the power off, and the two end ones start at 
the same time, the same load will be drawn to both ends of 
the line, and point ? will still be the center of load and will 
therefore mark the spot where the power house should stand. 

It is not implied that the load, even on such a simple lay- 
out, will always be as evenly distributed as in this ideal case, 
for such a condition will be the exception rather than the 
rule. Suppose 4 to be in the outskirts of a large city and 
B a down-town district; then, in the morning and evening, 
when people are going to and returning from work, the load 
leans a little toward the # end of the line, but during the 
rest of the day it is uniformly distributed. To alter condi- 
tions, suppose that from the middle of the line to B there is an 
up grade. Those cars that are ascending the grade will be 
called on to do more work than those on the level or on 
down grade, so that the ideal site for the station will be 
shifted toward B. In this case, the mileage center remains 
the same, but the load center is changed. 


33. Influence of Future Extensions.—In locating 
the site for the power house, future extension and increase 
in traffic incidental to the development of outlying districts 
should be borne in mind and the site selected accordingly. 
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Suppose, in Fig. 19, that the full-line section AB rep- 
resents the track put down at the first building of the road 
and that, in accordance with the demand then existing, the 
power house was put at /, the center of load for 4 B, which 
is supposed to be level. Now, suppose that the road has 
been extended toa point C,so that d&2 = AC. Ifitis further 
assumed that the district through which A C runs becomes 
built up, it will be only a matter of time when the travel 
density will be as great on the new stretch of track as on the 
old, in which case, assuming the different load units to be 
fairly evenly distributed throughout the distance &C, the 
proper place for the power house would be at point /?’, 
midway between & and C. So long as 4 BZ constituted the 
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whole road, the power house situated at P was at the center 
of an evenly distributed load, and the same loss of power 
would attend the transmission of a given amount of power 
to one end of the line as to the other. As soon, however, 
as the extension 4 C was started, a power house at P was 
22 miles from the B end of the road and CA+ AP or 
7z miles from the Cend. Under such a condition, should all 
the cars, through trouble of some sort, become congested at 
the far end of the line, the loss incidental to the great dis- 
tance and to the large current caused by trying to start all 
the cars at once would seriously delay getting the cars on 
their time again. 

If the station were put at 4 in the first place, it would, of 
course, be at one end of the line as long as AB was the 
whole road, and would not therefore’ be at the center of 
load; but if the extension 4 C were only a matter of time, it 
would be far better to put up with the line loss due to want 
of balance on the shorter line, locate the station at 4, and 
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be prepared to get the best results when the extension was 
in operation. 


34. If, in deciding the best location for the power house, 
it were only a matter of fixing the probable center of load, 
the problem would be comparatively easy. But in many cases 
it is made very hard and almost impossible to solve, except 
approximately, by the fact that several other considerations 
enter into the question. The prospective center of the load 
might be located, from a purely electrical point of view, in a 
place so situated that every pound of coal to be burned 
under the boilers must be hauled to the power house. Or, 
it might fall in a place where it would be difficult to get 
water for the boilers and the condensers; such a place 
would, of course, be out of the question. Finally, the ques- 
tion of land comes in. It would be very poor engineering 
to build a power house in a part of a city where a city build- 
ing would probably pay as good dividends as many well- 
managed roads. The final selection of a site for the power 
house must, in many cases, be a compromise between con- 
flicting conditions. Load conditions will point to one site; 
good, cheap water will point to another; the coal bunkers 
should be arranged so that the coal may be passed directly to 
them from the boat, or from a coal car that can be run along- 
side of them by means of a siding or a spur from the main line. 


DETERMINING THE LOAD CENTER 


35. In the following method used for obtaining the load 
center, it is assumed that in all cases the layout of the road 
is along the lines shown in the diagrams, and that there are 
no limitations imposed by coal, water, and property require- 
ments, the selection of a site for the power house resolving 
itself to the determination of the load center. To find the 
load center, the engineer must have a knowledge of the 
traversed district. With this in hand, the problem can be 
treated graphically, and amounts to the same thing as finding 
the center of gravity of a system of bodies. As an example, 
in Fig. 20, W and W’ are two bodies whose centers are 
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11 feet apart, and each of which, for example, weighs 
20 pounds. Since, in this case, the two weights are equal, 
the distance of their centers from the center of gravity P 
must also be equal, in order that W/ shall equal W’/l’, The 


ft 
Fic. 20 


center of gravity is, therefore, midway between the two 
bodies, and the system, as a unit, acts the same as if a 
weight of 40 pounds were fixed at ?. 


386. Where the load is supposed to be uniform over the two 
sections 4 B and 4 C, Fig. 19, suppose that there are 10 cars 
on each section and that each car averages a load of 20 horse- 
power. Each section will, then, carry a load of 200 horse- 
power, which can be taken as concentrated at points O and O’ 
in the center of the respective sections. These centers will 
be +AB+4AC, or 5 miles apart. The two loads of 
200 horsepower concentrated at O and O’ in Fig. 19 corre- 
spond to the two weights of 20 pounds in Fig. 20, and if we 
treat the 200 horsepower as weights and find their center of 
gravity, it will be the center of load or the correct location 
for the power house. Since the two loads or weights are 
equal, the center of gravity or load must be at point 4, 
midway between O and O’. 


37. Take the case shown in Fig. 21, where W = 40 
pounds, W’ = 50 pounds, and W” = 10 pounds; further, 
suppose that the distance from W to W” is 6 miles; from 
Wto W”, 7 miles; and from W’ to W’”, 4 miles. Where is 
the center of gravity situated? First find the center of 
gravity between weights 7 = 40 and W” = 10, where the 
distance between centers is 7 miles. This distance of 
7 miles must be divided into two parts, such that W/Z = Ww” Ltt, 
where / and /” are the distances of Wand W’”, respectively, 
from the center of gravity for these two bodies. 
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To solve the problem graphically, lay out the pian to scale 
on paper; that is, represent the 7 miles by 7 inches, and so 
on, and let the sizes of the circles represent the weights, as 
shown in the diagram. Call Z the distance from W to W”, 
and let the distance from VV to the center of gravity to be 
found, be represented by /; then the distance of W” from 
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the center of gravity will be represented by the difference, or 
L—id; and since Wl = W"(L—-1), Wi = W’L-— WwW", 
Wee 


ODA Vi EE and We yr Substituting 
for the weights and for Z the numerical values given, 
a ax U = 13 miles, or inches on the paper, as the dis- 


tance of the weight W from the required center of gravity. 
Since the total distance Z = 7, the distance from the center 
of gravity to the center of W” must be L —/ = 5% miles. 
On the line joining the centers of W and W’” locate a point 
that is 12 inches from the center of W; this is the center of 
gravity sought. The center of gravity between the large 
dotted circle, representing the combined weights (50 pounds) 
of W and W”, situated at their center of gravity, and W”, 
which is also 50 pounds, must now be found. Call the 
dotted circle W’’; since the weights W’” and W” are the 
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same, it is evident that their center of gravity is midway 
between them on the line joining their centers, so that it is 
only necessary to bisect this line in order to find the center 
of gravity of W’ and W'’, and hence of the whole system. 


38. Conclusion.—The general rule for locating the 
center of load is as follows: Divide the line of the pro- 
posed road into several sections ; with a knowledge of the 
service to be rendered on the road, assign a certain load i1. 
horsepower, kilowatts, or amperes to each section. Lay out, 
to scale, a plan of the road on paper and take the load 
assigned to each section as concentrated at its middle point; 
there will then be as many of these points as there are 
sections, and each point will bear a number designating the 
load on the section of which that point is the center. The 
numbers can be considered as representing weights and 
the center of gravity will be the load center that marks the 
best location for the power house. 


POWER ESTIMATES 


39. The problem of deciding what capacity the station 
generators must have in order to operate a given number of 
cars on a given road is a complex one, in that it involves 
conditions peculiar to each case and calls for the use of 
quantities that must, to a great degree, be determined from 
data relating to roads of a similar character. Among the 
factors that must be considered are: Weight of equipment; 
number of cars; speed of cars; topography of the road 
(grades, curves, etc.); character of traffic; condition of line 
and rail return; manner of handling the equipment. 

The speed at which the cars run is determined largely by 
the character of the road; cars in cities may not average 
more than 8 to 12 miles per hour while on interurban roads 
the average speed might be as high as 40 or 45 miles per 
hour. The number of cars to be operated depends on the 
frequency of the service, the length of the line, and the 
schedule speed. The best schedule speed and frequency of 
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service for any given road require a close preliminary study 
of the district to be served, probable traffic and the returns 
therefrom, competition that must be met, etc. 


40. Weights of Cars.—The size and weight of cars are 
determined by the traffic. Oninterurban lines, cars are much 
heavier than in cities and frequently they approach, in size 
and weight, those used on steam roads. A modern 40-foot 
body interurban car complete with motors and controlling 
apparatus may weigh.as much as 65,000 pounds, whereas a 
city car with 28-foot body will weigh in the neighborhood of 
30,000 pounds. Table I gives approximate weights of 


TABLE I 
WEIGHTS OF CARS 
Open Cars Closed Cars 
= = —— == 
Length Wee 3 

a ght of Length} Length | Weight of 
Number Over All Seating | Body and] Seating of Over | Body and 

< of (ies Capacity Trucks |Capacity| Body All Trucks 

enches 

HeeraliniGhes Pounds Feet Feet Pounds 

Io 28 8 50 12,000 24 18 26 10,400 

12 34 ra) 60 16,000 34 25 35 18,000 

I5 40 4 75 25,000 40 28 20 20,000 

44 32 40 28,000 

) 


ordinary cars of standard size. In designating the length of 
closed cars, it is customary to measure between outsides of 
the bulkheads (end walls) and not over the bumpers. The 
weights given in Table I do not include the motors, control- 
lers, air-brake equipment, etc. The motors will weigh from 
45 to 75 pounds per horsepower (railway-motor rating), the 
weight per horsepower being smaller for large motors than 
for small ones. An ordinary controller for a 25-horsepower 
motor will weigh about 200 pounds, and a complete equip- 
ment of two such controllers with the starting resistance, 
about 500 pounds. This is a light equipment, such as is 
used for a small 18- or 20-foot car. Fora large car equipped 
with two 65-horsepower motors, the complete electrical 
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equipment will weigh about 8,300 pounds, of which the two 
motors constitute over 7,000 pounds. The auxiliary devices, 
such as controllers, brakes, etc., vary so much in design that 
it is difficult to give general figures as to the weight of cars 
complete with equipment. Ordinary closed cars intended for 
city service will weigh, roughly, .4 ton per foot of over-all 
length when fully equipped with motors and all auxiliary 
appliances. For example, a car with 28-foot body, 37 feet 
long over all, will weigh, fully equipped, 37 X .4 = 14.8 tons. 
Cars intended for interurban traffic, where the speeds are 
high, will weigh, fully equipped, from .6 to .7 ton per foot of 
over-all length. In making power estimates, the weight of 
passengers that should be added to the weight of the car, will 
not, as a rule, average more than 10 to 15 per cent. of the 
dead weight of the car. 


41. Formulas for Power Estimates.—A number of 
formulas have been devised for calculating the power 
required by cars under given conditions, but all of them are 
only approximate, because several elements modify the 
power taken. For example, the running gear or roadbed 
may be in bad condition or there may be excessive friction 
on some of the curves. Again, the state of the weather may 
have a marked influence on the power required—a strong 
head-wind may have a very great effect on the resistance 
offered to the motion of a car; while it is a well-known fact 
that cars do not run as easily in cold weather as in warm, 
because of the increased friction at the journals. As a con-- 
sequence of all these influences, the effects of which cannot 
be accurately determined, formulas in which the resistance 
offered to the motion of a car or train is used must not be 
expected to give results other than approximate. 


42. Force Required to Move Car on Level Track. 
The force or horizontal effort at the rail head, per ton 
weight, required to move a trolley car on a level track at a 
uniform speed is considerably higher than required for cars 
operated on steam roads, where the track is cleaner and in 
better condition generally. Steam cars are also much 
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heavier than ordinary street cars and the erOr per ton is 
less for heavy cars than for light ones. 

The effort that must be applied to keep a car in uniform 
motion on a level track depends on the train resistance at 
uniform speed and this, in turn, is made up of a number of 
factors that are more or less difficult to determine and 
which vary, to a certain extent, with the speed. For 
example, the train resistance includes the track friction, or 
the resistance that the wheels encounter in rolling over the 
slight irregularities in the surface of the track, the friction 
in the journals, friction of wheel flanges against the rails, 
air resistance, etc. 


If f = resistance, in pounds, per ton on a level track, 
i. e., horizontal effort at rail head for each ton 
that the car weighs; 

W, = weight of car, in tons; 
fF = total pull required; 
then, F=fW, (1) 


The case of cars operating at moderate speeds in cities, 
where the effort per ton may be taken as constant for all 
speeds at which the cars usually run, will first be considered. 
For ordinary cases, with cars and track in good condition, a 
fair average value for f on a level track is 20 pounds. 


43. Effect of Grades.—Grades are always expressed 
as a percentage, but there seems to be considerable confusion 
as to what this percentage refers. In some cases it relates 
to the distance actually traveled by the car in ascending the 
grade; in others, to the horizontal distance. The more 
general method in dealing with electric railways is to 
consider the percentage as referring to the actual distance 
traveled by the car, and it will be so taken in the following 
calculations. Thus, if a grade is said to be 38 per cent. it 
means that for every 100 feet traveled along the grade the 
car rises 8 feet. This simplifies calculations and, as a 
matter of fact, unless grades are much steeper than those 
usually met with in practice it makes very little difference, 
so far as numerical results are concerned, which is taken 
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because the distance traveled along the grade is practically 
the same as the horizontal distance. 

When a car ascends a grade, the force exerted, in addition 
to overcoming the various resistances, must be sufficient to 
lift the weight of the car. Thus, on a 1-per-cent. grade, the 
car rises 1 foot for every 100 feet traveled. This is equiva- 
lent to lifting the weight of the car one one-hundredth of the 
distance or lifting one one-hundredth of the weight the 
whole distance. In other words, for each ton (2,000 pounds) 
that the car weighs, each per cent. grade is equivalent to 
the addition of *%%? = 20 pounds to the effort required on 
the level, and 


f, = f+20G (2) 


where /, = pounds per ton on the grade; 
f = pounds per ton on the level; 
G = per cent. grade. 
EXxAMPLE.—lIf 20 pounds per ton is required to maintain uniform 


motion of a 10-ton car on a level track, what effort, per ton, will be 
required on a 5-per-cent. grade? 
SOLUTION.—For each per cent. of grade, the force must be increased 


20 lb. per ton over the amount required on the level; hence, 4 = 20 
+ 20 X 5 = 120 lb. per ton. Ans. 


44, WHorsepower.—When the total force 7, in pounds, 
and the speed 5S, in miles per hour, are known the horse- 
power can at once be calculated as follows: 


Speed, in feet per minute = on 
horepowen foot-pounds per minute _ 5,280 SF 
33,000 60 X 33,000 
or, horsepower = ee (3) 
375 


If the car is moving up a grade, / must, of course, include 
the effort necessary to lift the car. This formula gives the 
horsepower actually used in moving the car; the electrical 
power supplied will be somewhat greater on account of the 
electrical losses in the motors and controlling apparatus. 


45. The curves shown in Fig. 22 are useful in making 
approximate determinations of the tractive effort and 
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horsepower required under given conditions. They are 
given by the Westinghouse Company and are based on the 
assumption that the tractive effort per ton on the level is 
20 pounds, and 20 pounds additional for each per cent. grade. 

EXxAMPLE.—How many horsepower are required to move a car 


weighing 16 tons up a 3-per-cent. grade at the rate of 10 miles per 
hour, if the tractive effort is 20 pounds per ton on the level? 


SoLuTIon.—The tractive effort will be from formula 2, 4% = 20 
+20 X 3 = 80 lb. per ton and the total tractive effort / = 16 X 80 
= 1,280 lb. The speed Sis 10 mi. per hr., hence, from formula 3, 


10 X 1,280 _ 
Jal, 124) == eco 7h = Ote1>) PATS. 


The problem can be solved more rapidly by referring to Fig. 22. 
First find the point aon a horizontal line to the left of 0, corresponding 
to 16 tons; draw a vertical line at a until it intersects the 3-per-cent. 
line at 5. The height of this line will represent the total tractive 
effort that can be read off the central vertical scale by drawing a 
horizontal line across from the intersection 6 toc. Continue this hori- 
zontal until it intersects the speed line corresponding to 10 miles per 
hour at point d and drop a perpendicular on the base or #. P. line 
from d; Oe represents the horsepower required and is read off the 
horizontal scale, giving 34.1 horsepower, as calculated. ‘ 


TRAIN ACCELERATION 


46. So far it has been assumed that the motion of the 
cars was uniform. It requires, however, much more power 
to start a train and get it under headway than to keep it in 
motion after it has been started. If cars were equipped 
with motors having a capacity based on calculations relating 
to uniform motion, they would be too small unless the con- 
ditions were such that the stops were very infrequent. In 
the early days of electric railroading, the motors installed 
were soon found to be too small, largely because the excess 
of power required at starting had been overlooked. 


47. In order to start a train from rest and bring it up 
to speed, a certain amount of energy must be expended 
over and above that necessary to overcome the train resist- 
ance. The energy so expended is stored in the train as 
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kinetic energy. A powerful effort is necessary to accelerate 
the train, and the effort required in any given case will 
depend on the weight of the train and the acceleration. In 
problems connected with train operation, the rate at which 
_ the speed of a train is increased (acceleration) or decreased 
(retardation, or deceleration, as it is sometimes called) is 
expressed in miles per hour per second. For example, if the 
acceleration is 14 miles per hour per second, it means that in 
each second the speed of the train is increased 14 miles per 
2 


Amperes per Trai 


8 
$ 


Seconds 
Fic. 23 


hour. If the train started from rest, at the end of the first 
second it would be moving at the rate of 14 miles per hour, at 
the end of the second second, at 22 miles per hour, and so on. 

Fig. 23 shows typical curves for an electric train with 
powerful equipment capable of producing rapid acceleration. 
Curve A shows the relation between speed and time; 2, shows 
the total current supplied; and C, the voltage. Starting 
from a standstill, the speed increases at an almost uniform 
rate up to 25 miles per hour; the curve then bends over and 
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the increase in speed during a given interval of time, i.e., the 
acceleration, becomes less until at 372 miles per hour the 
curve has become nearly horizontal ; the speed is then nearly 
uniform and the acceleration has become practically zero. 
After 93 seconds the current is shut off and the train coasts 
along, by virtue of the energy stored in it, with gradually 
decreasing speed. The brakes are applied at the latter end 
of the run and the train is retarded and finally brought to 
a stop, as indicated by the straight sloping line at the right. 
When the train is started with all the starting resistance in 
series, the total current is about 1,100 amperes, and as the 
resistance is cut out, the current varies, as shown by the 
notches in the curve during the first 10 seconds ; the motors 
are then thrown in parallel and the total current rises to 
nearly 2,400 amperes, after which it further increases to 
3,200 amperes, as the resistance on the parallel notches is 
cut out. Up to this point the current in each motor has 
remained approximately constant and the tractive effort has, 
therefore, been nearly constant. ‘The train resistance is also 
approximately constant for moderate speeds with the net 
result that the speed is almost uniformly accelerated from 
0 to 25 miles per hour during the first 20 seconds. The 
average acceleration during this interval is 1.25 miles per 
hour per second. As the speed increases beyond 25 miles 
per hour, the current rapidly diminishes and the tractive 
effort also diminishes. The acceleration therefore decreases, 
and when the current has dropped to about 650 amperes the 
speed has become nearly uniform. The tractive effort is then 
wholly utilized in overcoming the train resistance; during the 
acceleration period a large part of the total effort was used 
in increasing thespeedand thereby storing energy in the train, 
and the remainder went to overcome the train resistance. 


48. Force Required for Acceleration.—The total 
force /, required to make a car or train increase its rate of 
. speed is easily calculated; it is #, = ma, where m is the 


op 


. : > L 

mass of the train and @ the acceleration. 1 = —, where zw 
o 
ro 
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is the weight of the train and g the acceleration due to 


gravity; hence, 7, = e a. If w is expressed in pounds, gin 


feet per second per second, and a in feet per second per 


second, then /, will be in pounds and /, = a, since g 


Pa 
32.16 
is equal to 32.16 feet per second per second. Usually, in 
train calculations, the weight is expressed in tons and the 
acceleration in miles per hour per second instead of feet 
per second per second. One mile per hour = 1.467 feet 
per second and 1 ton = 2,000 pounds. If, then, 4 is the 
acceleration in miles per hour per second, the number 
of feet per second per second will be 1.467 4, and if 
W,is the weight in tons, the number of pounds will be 


5.000 7. ‘The equation will then become & = meres 
x 1.467 A, or 
oe ee Ola (A) 


~~ 01097 


EXxaAMPLe.—If an electric car weighs 20 tons, what accelerating 
force must be exerted to bring the car from a standstill up to a speed 
of 18 miles an hour in 15 seconds, assuming the acceleration to be 
uniform during this period? 

SotuTion.—The acceleration 4 is }§ = 1.2 mi. per hr. per sec. 
W, = 20 tons; hence, from formula 4, 

JBin == OILED ea? = SI Se Ue SA) aa iste} Mla, vaNvalsys 

From formula 4, the tractive effort necessary to produce 
an acceleration of 1 mile per hour per second is 91.2 pounds 
for each ton weight of car. Fig. 24 shows the relation 
between the acceleration, in miles per hour per second, and 
the accelerating force, in pounds perton. It must be remem- 
bered that this is in addition to the force required to over- 
come the train resistance. Again, whenever a train is 
started there are two kinds of inertia to be overcome: ‘The 
train must be made to move horizontally and the force 
required for this acceleration is given by formula 4: also, a 
certain amount of energy is required to overcome the inertia 
of the rotating parts, such as armatures, wheels, gears, and 
axles, and this may amount to 8 or 10 per cent. of the force 


186—5 
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given by the formula. The force required to overcome train 
resistance may be taken as 20 pounds per ton for moderate 
speeds on a good track, and if the force required to produce 
acceleration both rotational and linear is 100 pounds per ton 
for an acceleration of 1 mile per hour per second, the 
total tractive effort required to speed up the car at this rate 
will not be far from 120 pounds per ton. 


[Pounds perlor) 
160 180 


i0@ 120 140 


ing force 


Accelérah, 


é 6 8 LOR La (Le 16 18 a 
Acceleration{ Miles per Hour per Second) 


Fic. 24 


In city streets, where the speed is limited, it is not neces- 
sary or even desirable to accelerate the cars rapidly, but in 
elevated or underground service, where a large number of 
trains must be operated at close intervals, they must be 
started quickly, and the size of the motors will be deter- 
mined very largely by the energy required for acceleration. 


49. Limit of Adhesion.—The maximum effort at the 
rail head that can be applied to a car is limited by the 
slippage of the wheels on the track; as is also the possible 
acceleration and the grade that a car can ascend. The 
adhesion between wheels and track depends on the weight 
on the drivers and the coefficient of friction between the 
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wheels and track. The latter varies greatly with the condi- 
tion of the rails, being considerably lower for street-car lines 
where the tracks are liable to be dirty and slippery than for 
elevated, undergound, or interurban roads where the tracks 
are cleaner. It also depends on the kind of car wheels, being 
considerably less for wheels with chilled-iron treads than for 
those with steel tires. As safe limiting values, the adhesive 
force may be taken as about 15 per cent. of the weight on 
the drivers for elevated or interurban roads, and 12 per cent. 
for street-car roads. ‘Thus, on street-car lines, the maximum 
tractive effort that can be exerted without causing wheel 
slippage may be taken as 2,000 x .12 = 240 pounds per 
ton weight on the driving wheels and 2,000 X .15 = 300 
pounds for elevated or interurban roads. It should be par- 
ticularly noted that these limiting tractive efforts are per ton 
weight on the driving wheels. With a small single-truck 
street car having two motors, all wheels are drivers and the 
whole weight rests on driving wheels; hence, this style of car 
is well adapted for hill climbing and running on slippery 
tracks. With interurban or elevated cars having double 
trucks and two motors, the weight resting on the drivers will 
not be more than 55 to 70 per cent. of the total weight, thus 
making the limiting tractive effort from 165 to 210 pounds 
per ton weight of car. With cars having double trucks with 
four motors, one on each axle, the whole of the weight is on 
drivers; hence, four-motor equipments are desirable for roads 
operating double-truck cars in hilly localities. For inter- 
urban roads, the grades are usually quite moderate and two- 
motor equipments give sufficient adhesion. 


Let # = force, in pounds per ton weight of car to start 
car on level; 
G = grade expressed as percentage; 
W, = weight of car, in tons; 
a = percentage of weight on drivers, expressed as 
a decimal; 
6 = ratio of adhesive force to weight on drivers 


expressed as a decimal. 
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Then, 
Total weight on drivers, in pounds . . . = 2,000aW, 
Total adhesive force ... = 2,000 a W,6 


Total force required for starting & on ea C =f/W,+20GW, 


Each per cent. grade requires 20 pounds per ton additional 
effort. When the grade is such that the tractive effort 
required to start on it is just sufficient to produce wheel 
slippage, we must have 2,000 a W, 6 = f W,+ 20 G W,, and 


G = 2,000 ¢ Wb —#W, _ 2,000a6—# (5) 
20 W, 20 

About 70 pounds per ton is a fair value for the effort // 
required to start a car on the level under ordinary conditions; 
if, however, the acceleration is very rapid, the effort during 
the time that the car is gaining headway may be much higher 
than this and the acceleration obtainable may therefore be 
limited by the wheel slippage. 


ExAMPLeE.—lIf 65 per cent. of the weight.of a car rests on the drivers 
and if the ratio of the adhesive force to the weight on the drivers is 
15 percent. what is the maximum grade that the car can start on with- 
out wheel slippage, assuming that it requires an effort of 70 pounds 
per ton weight of car to start the car on the level? 


SoLurion.—Using formula 5, we have a = .65, 6 = .15,and /’ = 70; 
hence, G = SU SE So aoe = 6.25; i. e., slippage will occur if 


the grade exceeds 6.25 per cent. Ans. 


TRAIN RESISTANCE 


50. In all that has so far been said regarding power 
calculations, the tractive effort has been taken as 20 pounds 
per ton regardless of the speed, weight, or shape of the cars. 
This gives fairly close results for light single cars operated 
at moderate speeds, under the conditions usually met in city 
streets, but for heavy single cars or trains operated at high 
speeds, as used in the heavier kinds of electric traction, it is 
not safe to assume a fixed value for the train resistance. At 
low speeds and with heavy cars the effort per ton may be con- 
siderably under 20 pounds, and at high speeds it will be greater, 
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The subject of train resistance is a complicated one, 
because the resistance depends on a number of quantities, 
which vary more or less with the speed. The air friction 
increases approximately as the square of the speed and is 
dependent in a large measure on the shape of the front of 
the cars and on the area of the exposed surface. On account 
of the difficulty of determining the amount of the different 
resistances and their relation to the speed of the train, no 
formula has yet been established for calculating the tractive 
effort that must be exerted to move electric trains under 
widely varying conditions; and from the nature of the case, 
it is doubtful if any generally applicable formula can be 
obtained. A number of formulas have been devised that are 
reasonably accurate, provided that their use is limited to 
cases where the conditions correspond to those existing 
during the tests on which the formulas are based. The 
object here is simply to point out two or three formulas that 
Lave been proposed and to show, to some extent, the quanti- 
ties on which the resistance depends and the amount of 
resistance due to each. Formula 6, given below, is due to 
Mr. W. N. Smith,* and has been found to give results that 
agree quite closely with tests made on cars weighing from 
28 to 32 tons operating at schedule speeds varying from 
16 to 35 miles per hour, the maximum speeds during the 
runs varying from about 27 to 44 miles per hour. The 
formula is 


f = 8+ .167S+ .0025 


z 


where / = train resistance, in pounds per ton; 
S = speed, in miles per hour; 
A = cross-section of car, in square feet; 
W, = weight of car, in tons. 


For example, the resistance offered to a 40-ton train 
moving at the rate of 30 miles per hour and having a cross- 
sectional area of 100 square feet would be f = 3 + .167 X 30 


*Transactions American Institute of Electrical Engineers, Vol XXI, 
No. 10. 
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100 x 30? 
40 
trains, the train resistance per ton weight of train is less 

than with light trains. 


+ .0025 x = 13.64 pounds per ton. With heavy 


51. As an example of the resistance of electric trains 
obtained from actual tests, the experiments of Wm. W. J. 
Davis* may be cited. These were made with a 37-ton 
electric locomotive hauling passenger cars of standard type 
weighing 25, 35, and 45 tons. The number of cars per train 
was varied from 1 to 5, and the influence of the size of the 
cars and the weight of the train on the resistance per ton 
could thus be noted. The curves in Fig. 25 give the results 
obtained with 25-ton cars; those in Fig. 26 the results 
obtained with 45-ton cars; these show that the resistance 
per ton weight is much greater with light than with heavy 
trains. In Fig. 25, a single-car train at 60 miles per hour 
offers a resistance of about 58? pounds per ton, whereas, 
with a two-car train at the same speed, the resistance is but 
89 pounds per ton. ‘The journal friction in case of the 
25-ton cars is 8 pounds per ton for all speeds; with the 
45-ton cars, the journal friction is 5 pounds per ton. In 
Figs. 25 and 26, the constant journal friction is represented 
by the vertical dotted line. The friction due to unevenness 
in the track is taken proportional to the speed, and in these 
tests was found to be 


f= 13S (7) 


where f’ = track friction; 
S = speed, in miles per hour. 


The track friction is represented by the slanting dotted 
lines. That is, the distance between the vertical dotted 
line and the track-friction line at any given speed rep- 
resents the track friction at that speed, and the distance 
between the track-friction line and the vertical passing 


through 0 represents the journal friction and track friction 
combined. 


*Street Railway Journal, Vol. XIX, No. 18. 
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At a speed of 35 miles per hour, the track friction would 
be # = .13 X 35 = 4.55 pounds per ton. Hence, the dis- 
tance between the two dotted lines at the point correspond- 
ing to a speed of 85 miles per hour is equivalent to 
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4.55 pounds per ton. The full-line curves represent the 
total resistance per ton for trains of 1, 2, 3, 4, and 5 cars. 
The horizontal distance between the dotted slanting line and 
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the curved lines represents the air resistance for trains made 
up of different numbers of cars. With a single-car train at 
a speed of 85 miles per hour, the air friction is nearly 
16 pounds per ton. and the resistance increases rapidly with 
increasing speeds. The effect of air resistance is not as 
pronounced with heavy trains as with light trains. These 
experiments indicate that it is more economical, as regards 
power consumption, to operate the cars in trains than singly, 
especially at high speeds. 


52. From these experiments Mr. Davis has derived the 
following formulas for obtaining the tractive effort for heavy 
electric trains: 

For 25-ton cars having a cross-sectional area of about 
85 square feet, 


f= 84.13 S+ 


.0035 A .S? 
arr [1 + .1(z—1)] (8) 


For 45-ton cars having a cross-sectional area of about 
110 square feet, 
f= 5+.13S4-PO45 [14 1(n-1)] (9) 


zt 


where f = train resistance, in pounds per ton; 
S = speed, in miles per hour; 
A cross-sectional area of car, in square feet, inclu- 
ding area bounded by wheels and truck; 
W, = total weight of train, in tons; 
m = number of cars in train including leading car or 
locomotive, if an electric locomotive is used. 


I 


In formula 6, the constant journal friction is taken at 
3 pounds per ton; this is rather low for light cars, being less 
than half that shown by the Davis tests for 25-ton cars. 
Formula 6 is, however, intended chiefly for calculations 
relating to heavy cars. 


58 ELECTRIC-RAILWAY SYSTEMS § 36 


POWER CONSUMPTION TESTS 


INTERURBAN ROADS 


53. Tests made on cars in every-day operation afford the 
tost reliable means of estimating the probable amount of 
power required for a given service. Such tests include 
observations of the power, speed, time, voltage, current, 
grades, curves, etc.; in fact, everything that is liable to 
influence the power consumption. Some very elaborate 
tests of this character have been made and with regard to 
interurban roads one of the most complete is that conducted 
by Mr. Clarence Renshaw on the system of the Union 
Traction Company, of Indiana.* The figures here given 
relate to tests meade on this road with cars having 40-foot 
bodies, weighing 63,000 pounds, and equipped with two 
150-horsepower motors mounted on the forward truck. The 
power consumption was measured for both limited and local 
service so that the effect of stops could be determined. In 
local service, the average speed for the whole run, 56.5 miles, 
was 22.6 miles per hour, but part of the run was through 
cities where the speed had to be reduced. Outside the cities, 
the speed on local service averaged 26.6 miles per hour. In 
limited service, the cars averaged 28.3 miles per hour for the 
whole run and 35.3 miles per hour leaving out the slow 
running in the cities. The speed between stations frequently 
rose to 40 and 45 miles per hour, and on one part of the road 
reached 60 miles per hour. Most of the grades were less 
than 2 per cent., but a few short ones were as high as 
3 per cent. The weight of the car with passengers varied 
on the different trips, but was usually from 34 to 34.5 tons. 
The power consumption, as indicated by the average of a 
large number of wattmeter readings, is given in Table II. 

From these figures, it would be safe, in making a prelimi- 
nary estimate on a road of the same general character as 
this, to allow from 70 to 75 watt-hours per ton-mile for 


*Street Railway Journal, Vol. XX, No. 14. 
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limited service and 85 to 90 watt-hours per ton-mile for 
local service. 

It is interesting to note that very complete tests made with 
25-ton cars on a different interurban road—the Dayton and 
Northern Traction Company—give results that agree quite 
closely with those in Table II. The average power con- 
sumption for a number of regular trips with the speed 
varying from 8 to 29 miles per hour, was 2.16 kilowatt-hours 
per car mile or 86.4 watt-hours per ton-mile. Thé average 
consumption for a number of test runs, with speeds varying 
from 19 to 27.5 miles per hour, was 1.96 kilowatt-hours per 
car mile or 78.4 watt-hours per ton-mile. The greatest 
power consumption was for a short run of 1.46 miles at 
the slow speed of 8 miles per hour, when the consump- 
tion was 148 watt-hours per ton-mile. 


TABLE II 


POWER CONSUMPTION OF CARS 
(Interurban Road) 


ioeeacises Watt-Hours 
Class of Service per per 

Car Mile Ton-Mile 

Local service, outgoing trips ....... 2.24 to 2.78 | 66.7 to 81 

Wocaliservice) return trips sey ses es Doe) wor asne | Gap awe) tskayt3 
Local service, average for six round trips. 2.62 76.6 
Limited service, outgoing trips. ..... Ze 58.7 
Wimitediservice, return) trips) 2). 25 05). Fest 71.6 


54. Influence of Stops.—It seems strange at first 
glance that the slow-speed local service (Table II) should 
show a power consumption greater than that of the high- 
speed limited service, ,but the explanation is found in the 
relatively large number of stops necessitated by the local 
service. Every time a car is started, a certain amount of 
energy is wasted in the starting resistance and energy is also 
required for acceleration. The greater part of the latter is 
usually wasted at the brake shoes when the car is brought 
to astop. Thus, if the stops are very numerous the power 
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consumption per ton-mile is considerably increased. Tests 
on the Union Traction Company’s road showed that, on the 
average, the local service required 15 per cent. more power 
per trip than the limited service. 

The following comparison of a number of runs shows 
clearly the increased power consumption due to stops. 


Time for Trip 


Servi St Watt-Hours 
SAIC re per Ton-Mile 

Hours | Minutes 
Limitedtse. 4 71.6 2 
[ocal eae 31 83.3 2 36 
Locality ee 44 89.5 2 53 


It must not be inferred that in all cases local service with 
numerous stops requires more power than high-speed service 
with few stops; in fact, the contrary is often the case. In this 
instance the schedule speed on limited service is not very 
high (35.3 miles per hour), but with higher schedule speed 
the energy per ton-mile for limited service would be greater 
than that for local service and might easily be from 90 to 
110 watt-hours. When the average speed is over 35 miles 
per hour a comparatively slight increase in speed involves a 
large increase in power because of the great increase in air 
resistance. 


55. Current.—In the above tests, the cars took at 
starting from 200 to 250 amperes and when the motors were 
placed in paraiiel the current rose as high as 250 to 330 
amperes. ‘These large currents, however, only lasted for 
short intervals. 


56. Voltage.—The average line voltage, when the car 
was running, was 454 volts, but the average voltage at the 
terminals of the motors was very much lower because some- 
times the motors were in series, with resistance, sometimes 
in series without resistance, or in some cases no voltage at 
all was applied to them, as, for example, when the car was 


§ 36 ELECTRIC-RAILWAY SYSTEMS 61 


coasting or when the brakes were applied. The average 
voltage per motor was thus about 237 volts. 


57. Conclusion.—The application of the data here 
given can best be illustrated by working an example. 


EXAMPLE.—An interurban electric road is to operate ten cars weigh- 
ing 30 tons each when loaded. Six of these are to run on local service 
and four on limited service, the average speed on local service being 
20 miles per hour and on limited service 32 miles per hour. Estimate the 
approximate capacity of the generating plant, assuming that the total 
loss between generators and cars is 18 per cent. of the delivered power. 


SoLution.—Referring to the figures given in Art. 53, the average 
power consumption, in watt-hours per ton-mile, may be taken at, say, 
72.5, taking the average of 70 and 75 for the limited cars, and 87.5 for 
the local service. In 1 hr., therefore, the total number of watt-hours 
supplied would be: 


For local service, 6 X 30 X 20 X 87.5 = 315,000 watt-hours 
For limited service, 4 X 30 X 32 X 72.5 = 278,400 watt-hours 
Total, 593,400 watt-hours. 


Since the energy supplied to the cars in 1 hr. is 593,400 watt-hours 
it follows that the power is 593,400 watts, or 593.4 K. W. The loss 
between the generating station and the cars is 593.4 & .18 = 106.8K. W. 
This represents the loss in lines, third rail, rotary converters, and 
transformers. The average output of the station will therefore be 
593.4 + 106.8 = 700.2 K. W. On an interurban system, where com- 
paratively few cars are operated, the fluctuations in load are very 
great and the maximum load is usually from 1.5 to 2 times the aver- 
ageload. Also, considerable power is required for lighting and heating 
cars and lighting stations. In this case, therefore, the machinery 
should be capable of furnishing at least 1,000 K. W., and in order to 
insure against shut-downs it would be advisable to install two gener- 
ating units of 1,000 K. W. each, or at least three generators of 
500 K. W. each, two being operated in parallel under ordinary con- 
ditions and the third kept as a reserve. Ans. 


Il 


CITY ROADS 


58. The power consumption per ton-mile is greater for 
city roads than for interurban lines. The cars are lighter 
and the tractive effort per ton greater, the stops are much 
more frequent, and in most cases the track is not as clean or 
in as good condition. Also on account of the slow speed 
and numerous stops, considerable power is wasted in the 
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starting resistance. The average power consumption per 
ton-mile will seldom be less than 90 watt-hours and in most 
cases will exceed this amount; 110 to 120 watt-hours may be 
taken as a fair approximation. The watt-hours per car mile 
will usually lie between 750 and 1,500 for single-truck cars 
with two motors of 30 or 35 horsepower, and between 1,500 
and 2,500 for double-truck cars with four motors of 30 or 
385 horsepower. Table III shows the results of tests on 
a number of different runs with motors of the sizes ordi- 
narily used for operation in cities. The first two cars are 
equipped with a single motor with rheostatic control; all 
the others have series-parallel control. 


EXAMPLES FOR PRACTICE 


1. If 25 pounds per ton is required to propel a 30-ton car on a 
level track, what total force must be applied to propel the car up 
a 2-per-cent. grade? Ans. 1,950 Ib. 

2. Ifa total force of 500 pounds is required to propel a car at the 
tate of 15 miles per hour, how many horsepower are expended in 
moving the care Ans. 20 H. P. 

8. (a) If a car weighs 25 tons, what force must be applied to 
produce an acceleration of 1.25 miles per hour per second? (6) What 
must be the total force applied to produce the acceleration and over- 
come the train resistance as well, assuming that the latter amounts to 


20 nds per ton weight of car? (a) 2,850 1b. 
oa : ANS.) (5) 3'350 Ib. 


4. A certain car has 60 per cent. of its weight resting on the dri- 
ving wheels and the adhesive force between track and rail is 15 per 
cent. of the weight on the drivers. A force of 75 pounds per ton 
weight of car is necessary to start the car from rest. What is the 
steepest grade on which the car can be started without slippage of 
the wheels on the tracks? Ans. 5.25 per cent. 


EXAMPLES OF RAILWAY EQUIPMENT 


59. In order to show the character of station equipment 
used for the operation of a number of typical railways, 
Table IV is here inserted. In all cases, except A, compound 
condensing engines are used; road & is situated in a coal- 
mining region where fuel is cheap and water suitable for 


64 ELECTRIC-RAILWAY SYSTEMS § 36 


condensing purposes scarce; hence, simple non-condensing 
engines are used. Cn all the roads except G, water-tube 
boilers are used; this type of boiler is almost essential 
in railway work because the demand for power fluctuates 
greatly and the steaming of the boilers must respond quickly 
to the changes in load. Also, they must admit of forcing 
beyond their regular capacity in cases of emergency. 


COST OF POWER 


60. The cost of generating power in electric-railway 
plants varies greatly, as one would naturally expect, because 
it includes many items that are subject to wide fluctuation. 
In fact, in even the same station the cost will be higher dur- 
ing some months than others. Table V, from the Street 
Railway Review, gives figures relating to the cost of gener- 
ating power in some stations of considerable size. It should 
be noted that the total cost covers only the items of fuel, 
labor, supplies, water, and repairs. It does not allow for 
interest on the investment, or depreciation of the plant. 
The cost per kilowatt-hour, not including interest and 
depreciation, will lie between .65 cent and 1 cent for many 
steam-power stations. In a large number of plants the total 
cost, including interest, etc., will lie between 1 and 2 cents 
per kilowatt-hour and in some of the largest plants it may 
be somewhat below 1 cent per kilowatt-hour. When power 
is sold from one railway company to another a common 
charge is 3 cents per kilowatt-hour. Every station switch- 
board should be equipped with at least one recording meter 
for measuring the station output, and it is a good plan to 
provide two meters so that one can operate while the other 
is being calibrated. In case only one instrument is used, it 
should be checked at frequent intervals to see that its indica- 
tions are correct. 


61. Station Record.—In order that the cost of gener- 
ating power in a station may be accurately known, it is 
necessary to keep a complete record of the various elements 
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entering into the cost, together with the total output of the 
station. By dividing the total cost of operation per day by 
the total output in kilowatt-hours, as indicated by the record- 
ing instruments, the cost per kilowatt-hour is obtained. 
Fig. 27 shows a form of daily chart that gives all the neces- 
sary information in a very compact manner and indicates the 
actual readings as taken for a 24-hcur run of the Camden 
and-Suburban Railway Company’s power station. This is a 
direct-current plant throughout. Distant parts of the system 
are supplied through boosters, and on the date represented 
by the chart two storage batteries were also in operation. 
The switchboard is equipped with high-potential and low- 
potential bus-bars. The full size of the chart is 233 inches 
by 25 inches, and in the upper part are shown: first, the volt- 
meter readings on both high- and low-potential bus-bars; 
second, the storage-battery current; third, the readings of 
the main-station ammeter. All these readings are taken at 
15-minute intervals and the heavy lines represent the aver- 
age current from 7 A. M. until midnight, and from midnight 
to 7 A.M. The vertical dotted lines show the length of time 
and the hours during which each booster, generator, boiler, 
etc. was in use; feedwater temperatures, vacuum-gauge read- 
ings, etc. are also recorded as shown. In the lower left-hand 
part of the chart, the readings of the recording meters are 
given by marking the position of the hands on the printed 
dials. For the 24 hours, the total output as indicated by the 
two main recording instruments was 80,225,000 watt-hours, 
or 30,225 kilowatt-hours; the dial readings are indicated 
by the figures immediately above each dial, and they must 
be multiplied by the meter constant 5 and three ciphers 
added to the result to give the watt-hours, as shown at the 
bottom of the chart. The remainder of the chart is self- 
explanatory. The total cost of operation, including repairs, 
for the 24 hours is $200.17, making the cost per kilowatt- 
hour $.0066, or .66 cent. 
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LINE AND TRACK 


(PART 1) 


THE LINE 


1. The term line, when used in connection with an 
electric railway, covers quite a large field of work. It may 
apply to the wires used for supplying current to the cars, or 
to a high-tension transmission line for transmitting the power 
from a distant power station. It also includes the various 
devices used for transmitting the current for cars operated 
by surface-contact or by conduit systems. 


OVERHEAD LINE WORK 


2. General Features.—When overhead construction 
is spoken of, it is generally understood to refer to the com- 
mon overhead-trolley system that is used wherever it is per- 
mitted, because it is so much cheaper than any of the other 
systems. Overhead construction includes the setting ot the 
poles, the stringing of the feed-wires and the trolley wire, 
with its span wires, guard wires, anchor wires, insulating 
hangers, coupling devices, switches, etc. The feed-wires, 
or feeders, i. e., the wires communicating directly between 
the generators at the station and the several points of dis- 
tribution, are carried overhead or are laid underground if 
necessary. When the feeders are carried overhead, it is the 
rule to support them on cross-arms from the same poles that 
support the span wires and trolley. Sometimes, however, 
if the feeder followed the line of the track, it would be 
unnecessarily long; in such a case, its route would lie across 
country or across town, as the case might be. 

For notice of copyright, see page immediately following the title page 
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3. In Fig. 1, P is the site of the power house, and 
k-a-C B-b-e is the trolley wire, which of course has to follow 
the track. The wire is divided into two sections, a and 4, 
separated by the line circuit-breaker, or section insulator, C B; 
the term circuit-breaker used in connection with line work 
denotes a fitting for putting a break, or insulating joint, in 
the trolley line. Each section of the wire is fed by its own 
feeder. Feeder 4, 
Se --, feeds into section @ 
at a and follows the 
line of the track up 
to that point; 6, feeds 
the second section at 
5, but instead of fol- 
lowing the track and 
taking the long path 
around, as shown by 
the dotted line, it 

Mee cuts across, as shown 

by the full line, thus 

effecting a great saving in length. It is, as a rule, cheaper in 

such cases to take the short cut, even if a pole line has to be 

erected just for the feeder, because great length in a feeder 

not only means a great outlay in copper, but the additional 

resistance helps to defeat the purpose of the feeder—that of 
keeping the voltage up to a practicable value on the line. 


Trolley a wire 
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4. Most overhead-trolley systems use a rail return, 
and it is just as important to provide a good path in the 
return circuit as in the outgoing lines; in fact, in some cases 
it is of more importance, because when the rail circuit is 
poor, current is liable to return on neighboring pipes and 
thus cause damage by electrolysis, as will be explained later. 

Fig. 1 shows that although feeder 4, allows the current a 
short path from the power house to the point of distribution 4, 
it does not provide a short path back to the power house. 
The return current must follow the rail, and it would be very 
easy under such conditions for a greater drop to take place 
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in the track return than in the overhead feeder. A ground 
wire run from some point on the rail in the neighborhood 
of 4, or even from the end e to the ground bus-bar at the 
power station, would greatly improve the service. 


FEEDERS 


5. The distributing system of an electric railway may 
be generally divided into two parts—the feeders and the 
working conductor. The latter usually takes the form 
of a trolley wire in overhead work, but it may be a third 
rail or the conductor rail in a conduit system. The feeders 
are usually in the form of heavy cables run from the station 
to supply different sections of the working conductor. In 
small towns and cities or on cross-country roads, feeders 
are run on poles, because this is the cheapest construction. 
In large cities, however, they are run underground. City 
ordinances often prohibit running them overhead on account 
of their unsightliness and also on account of their being a 
nuisance and source of danger in case of fires. Underground 
construction is expensive, but it has its advantages. Elec- 
tric-railway companies objected very strongly. when they 
were first required to put their feeders underground, but 
many of them are now strongly in favor of it. Underground 
wires are not disabled by snow and sleet storms, and on 
the whole their service is more reliable than that of over- 
head wires. 

Where feeders are run underground, they are usually in 
the form of lead-covered cables; these are pulled into ducts, 
and manholes are provided at intervals to allow access to 
the cables for making repairs and locating faults, as pre- 
viously explained in connection with the general subject of 
line construction. 


6. General Methods of Feeding.—The simplest 
method of line construction is to use a single wire, serving 
both the purpose of trolley wire and feeder; but with a 
heavy load, the drop of potential at the end of the line, 
except in special cases, is too great when the trolley wire 
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alone is used. It is, therefore, necessary to run a heavy 
cable alongside the trolley wire and tap it into the wire 
at intervals along the route. Such a plan is shown in 
Fig. 2, where m~ is the trolley wire, ad the feeder, and Vee 


Fic. 2 


the taps; the power station is supposed to be at one end 
of the line at S. It would be much more economical if the 
power station were in the center, as in Fig. 3, so that it 
might feed in both directions and thereby halve the distance 
from the power house to either end of the line. 

If the trolley wire is 
divided into a number 
of sections ¢, d,¢, 7,2, 
x each connected at its 
center to the feeder a 4, 
m m as shown in Fig. 4, the 
drop in potential at any 
point would be due only to the feeder and that portion of 
the trolley line between the point in question and the tap. 
In case of a fire at any place along the route or in case of a 
ground on a bridge or in a tunnel, the power could be shut 
off in that district without disturbing the other parts of the 
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line. To do this, each tap should be provided with a switch, 
Fig. 5, mounted on the pole at the point of connection to 
the feeder. The lower terminal is connected to the trolley, 
and when the switch is opened the blade can be thrown all 
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the way down and the door closed. All the exposed parts 
are then dead and the switch cannot be closed until the door 
is unlocked. The several sections of the trolley wire are 
well insulated from one another 
by line circuit-breakers, or sec- 
tion insulators, which will be 
described later. 


7. Fig. 6 is a plan of feeder 
wiring that approaches the con- 
dition where the trolley wire is 
divided into several sections, 
each of which is provided with 
its own feeder. But in the case 
shown in Fig. 6, each feeder 
supplies several sections of 
trolley wire by means of exten- 
sion feeders or mains af, f6 on 
the end of the main feeder and 
an independent tap running to 
each section of trolley. It is ES 
advisable to connect the ends 62 of the mains by means of a 
fuse or circuit-breaker, thus tying the different parts of the 
system together. Then, in case one part is heavily loaded, 
the feeders and mains supplying the other part can help to 
supply current. For example, if section 77 carries a heavy 
load, current can be supplied by way of feeder ef and main /4, 
but if a short circuit or excessive overload occurs on 7/7, the 
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fuse or circuit-breaker at 47 will let go before the main 
circuit-breaker on feeder ef in the station, with the final result 
that current will be cut off from section 77 but not from the 
rest of the road. Where several feeders are run out from a 
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station, it is advisable to tie them together in this manner, 
because it will help greatly to equalize the voltage, and if 
circuit-breakers are installed at the junction points and prop- 
erly adjusted so that they will trip before the circuit- 
breakers in the station, the power, in case of short circuits 
or excessive overloads, will be cut off from only that section 
on which the trouble exists. 

Fig. 7 shows the best plan for a feeder service. In this 
case, each trolley section has a feeder of its own. Of course, 


“ower House 
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the feeder is tapped into its section in as many places as 
may be deemed advisable. Each feeder and its section of 
trolley wire may be looked on as a single unit, and the idea 
can be extended to any system, however large. Such a plan 
not only simplifies calculations, but limits the field for 
troubles as well. Any trolley section can be cut out by 
means of its feeder switch. 


8. Booster Feeders.—Fig. 8 shows the layout of 
feeders for an interurban road in Ohio, and illustrates the use 
of booster feeders for supplying distant sections. The road 
is 183 miles long and the power house is situated 6 miles 
from one end. The two 6-mile sections on either side of 
the power house are fed directly from the generators, while 
the two distant sections at the left are fed through boosters. 
Thus, on section No. 3, the feeder runs over 10 miles from 
the power house before it is tapped to the trolley wire, and 
the feeder for No. 2 section runs for over 6 miles before 
being tapped. Each section can, therefore, be supplied with 
different voltages at the power station, thus compensating for 
the larger drop and maintaining an approximately uniform 
voltage on all parts of the road. In Fig. 8, the two No. 00 
trolley wires are tied together and attached to the feeder, 
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to which booster feeders are run, it is frequently advisable to 
bear in mind the possibility of installing line storage batteries 
at some future date, and choose locations where sites for 
storage-battery substations can be obtained without difficulty. 


9. Overhead feeders are usually in the form of heavy 
stranded cables covered with weather-proof braided insula- 
tion. If avery large feeder is not required, solid wire may 
be used or two or more wires may be run in parallel to make 
up the requisite cross-section. Table I gives the make-up 
of triple-braided weather-proof railway feeder cables as 
manufactured by the American Electrical Works. 


TABLE I 
WEATHER-PROOF FEEDER CABLES 


Size Approximate 
Circular Mile Style of Conductor Weight per Mile 
Pounds 
1,000,000 61 wires, .128 each 19,000 
950,000 61 wires, .125 each 18,250 
900,000 61 wires, .122 each 17,280 
850,000 61 wires, .118 each 16,320 
800,000 61 wires, .I15 each 15,360 
750,000 61 wires, .1II each 14,400 
700,000 61 wires, .107 each 13,450 
650,000 61 wires, .103 each 12,480 
600,000 61 wires, .099 each 11,600 
550,000 61 wires, .ogt each 10,560 
500,000 49 wires, .I0I each 9,800 
450,000 49 wires, .096 each 8,600 
400,000 49 wires, .0go each 7,500 
350,000 49 wires, .o85 each 6,500 
300,000 49 wires, .078 each 5,500 
250,000 49 wires, .o71 each 4,860 


Aluminum has been used, in some cases, for railway 
feeders, but unless the relative prices of copper and alumi- 
num are such that the use of the latter effects a considerable 
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saving in cost, copper is preferred and is used in the great 
majority of cases. Since the conductivity of aluminum is 
about 60 per cent. that of copper, the cross-section of a 
copper feeder for a given service will be 75s times that 
of an aluminum feeder for the same service, or the alu- 
minum feeder will have a cross-section of 12 times that of 
a copper feeder. For example, if a 300,000-circular-mil 
copper cable is required for a given service, an aluminum 
cable for the same service must have a cross-section of 
300,000 x 13 = 500,000 circular mils. 


TROLLEY WIRE 


10. Material.—Trolley wire is of hard-drawn copper 
for all ordinary work. In some cases, especially tough com- 
position wire is used on curves where the wear is excessive. 
Trolley wire is seldom less than No. 0 B. & S., though on 
some old lines wire as small as Nos. 1, 2, or even3 B. & S. 
was used. Some roads now use No. 000 or 0000, but No. 00 
is by far the most popular size, and if the feeding system is 
laid out properly there is little advantage in using larger 
trolley wire. It only makes a greater weight to be supported 
by the span wires and hangers, thus increasing the cost of 
the line supports. 

Hard-drawn copper is used because its tensile strength is 
greater and its wearing qualities better than soft copper. 
Its resistance is slightly higher, but this is of little conse- 
quence because the trolley is not usually depended on to 
carry the current for any great distance. ‘Table II gives 
data on hard-drawn copper. 

For trolley wire on curves or other places where there are 
strain and wear on the wire much greater than on straight 
stretches of track, phono-electrie wire is frequently used. 
This is a special composition or alloy wire made by the 
Bridgeport Brass Company, and stated to have a tensile 
strength from 40 to 45 per cent. greater than that of hard- 
drawn copper; its conductivity is 50 per cent. that of pure 


copper. 
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TABLE II 
HARD-DRAWN COPPER TROLLEY WIRE 
ca ® 0) o 2 a bo 
u o = +k w von 2 GF qos as te 
v a4 UO = - 
B°ls a! gy |mooa| wes | 888 | S$ 8s | 2ms 
as) es fe oe oO 5] wo. 8 Bae BS oe 
ares “8 lene] Exe | BOn | BOS | FES 
AR) A oH be a ~ |e Q 
Oo a a, 


0000| 460 | 211,600 | 640.5 | 3,381.4 | .95004 | .2642) 8,310 
000 | 410 | 167,805 | 508.0 | 2,682.2 | .06309) -3331 | 6,580 
oo | 365 | 133,079 | 402.8 | 2,126.8 | .07956| .4201 | 5,226 
o 325.| TOR, 535 | ‘3190.5 | 2,080.9 | 2003 -5297 | 4,558 
1 | 289| 83,694 | 253.3 | 1,337-2 | -1265 -6679 | 3,746 
2 | 258] 66,373 | 200.9 | 1,060.6 | .1595 20423 | 2927 
25) 2201) 52,0340) 150.3 841.09 | .2011 1.0620 | 2,480 


11. Shape of Trolley Wire.—Trolley wire is nearly 
always round in cross-section, as this shape answers for 
most work in towns and cities where the speed is not high. 
Fig. 9 (a) shows the ordinary round wire held by a soldered 
ear. The ear is tapered down to an edge, so that it will 
allow the under-run- 
ning trolley wheel to 
pass as smoothly as 
possible. Even if 
the fins on the ear are 
thin, there is always 
more or 16éss Oia 
jump when the wheel 
passes under the 
hanger, which causes 
trouble if the car runs at high speed; the sparking caused by 
the jump eats away the hanger and leads to breakage in 
course of time. The jump is even more pronounced if ears 
that clamp the wire, instead of being soldered, are used. 

For cross-country or interurban roads, where high speed 
is attained, it is very desirable to have the trolley wire so 
suspended that it will offer a smooth running surface for the 
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trolley. Fig. 9 (4) shows a wire designed to accomplish 
this. It is the shape of a figure 8 in cross-section and the 
upper part is gripped by the clamp ears a, a, the lower part 4 
being free from obstruction. The objection to this style of 
wire is that if it becomes twisted between supports, so that 
it lies crosswise, the wheel does not run well. 

Fig. 9 (c) shows a style of wire introduced by the General 
Electric Company. This wire, also, is supported by clamp 
ears a,a, and the surface presented to the trolley wheel is 
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smooth. The wire is practically circular in cross-section, 
with the exception of the two grooves 6,4 in the side, so 
that if the wire twists between supports it does not interfere 
perceptibly with the smooth running of the wheel when high 
speeds are attained. Fig. 10 shows the method of support- 
ing this wire. 

When soldered ears are used, the obstruction offered is so 
slight that a round wire answers in the great majority of 
cases. When clamped ears, however, are desired, and when 
high speeds are developed, these specially shaped trolley 
wires will be found advantageous. 


METHODS OF ARRANGING TROLLEY WIRE 


12. There are three styles of support for trolley wires: 
they may be suspended from brackets on poles at the side 
of the road; a double track may be provided with center 
poles carrying the wires on a projecting arm on either side; 
or the poles may be placed at the sides of the street and the 
trolley wire supported by span wires stretched across. 


13. Span-Wire Construction. — This is the most 
common method of suspension, and it is preferred for the 
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following reasons: In the first place, it does not obstruct the 
center of the roadway like the center-pole construction; in 
the second place, there are locations where only one side of 
the road can be used, as on country roads, where passages 
for two teams must be left outside of the track. Again, 
where a single track is laid with the prospect of making it 
a double track if the traffic warrants doing so, the side-pole 
poe ee ete tere f Span-wire construction 
leaves very little addi- 

. - e tional work to be done 
S— when the time comes for 

ae doubling the track. In 

such a case, it is sometimes the practice to string two trolley 
wires alongside of each other about 8 or 10 inches apart. As 
long as the road is single track, the cars use one wire when 
going one way and the other wire when returning; this saves 
overhead special work at turnouts and saves copper in the 
feed-wires. When the time comes for doubling the track, 


tasulated turn buckle Straight line Suspeasion 
— = 


wran Wire 


it is only necessary to slide one wire into place and see to its 
insulation from the ground. In such straightaway construc- 
tion, it may be that no feeders are used, in which case the 
road cannot be divided into sections, but the two wires must 
be continuous from the power house to the end of the line. 

In Fig. 11, a0 is one trolley wire and cd is the other; Tis 
a turnout—a switch where cars can pass each other; the 
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dotted line e/ shows the position of the wire a6 after it has 

been moved over to the second track. This parallel con- 

struction does away with the necessity of any overhead 
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special work at the turnouts, and if all turnouts are placed 
on the same side of the track, it leaves one wire straight. 


14. Fig. 12 shows a general arrangement for span-wire 
suspension in cities. In this case iron poles are shown, so 
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that an insulating turnbuckle is used between the pole and 
the span wire. The trolley hanger is also insulated, so that 
there is high insulation between the trolley wire and the 
ground even though iron poles are used. The feeders are 
carried on cross-arms bolted to the poles. Where wooden 
poles are used, the insulated turnbuckles are often omitted. 
An eyebolt is simply passed through the pole and the span 
wire is stretched by screwing up a nut. 
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Fig. 18 shows a span-wire construction for a single-track 
interurban road where the poles carry a 16,000 volt three- 
phase transmission line in addition to the direct-current feed- 
wire. The suspension carries two No. 0000 trolley wires 
suspended 10 inches apart. The poles are 8 inches in 
diameter at the top and are set 7 feet in the ground. The 
span wire is of @-inch twisted steel. 
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15. Center-pole construction can be used to good 
advantage on wide streets where poles in the center of the 
street will not obstruct the traffic. It is also much used for 
interurban roads operated with an overhead trolley. 

Fig. 14 shows a substantial center-pole construction on an 
interurban road in New York State. The poles are of yellow 
pine, octagonal in cross-section, and are set in concrete, as 
shown, in order to give them a firm base. A single No. 000 
trolley wire is used over each track and is suspended 20 feet 
above the rails. The trolley-wire hangers are attached to a 
small stranded steel cable, thus making the suspension 
flexible and taking up the blow of the trolley wheel as it 
passes the supports. The cross-arm carries a 6500,000- 
circular-mil feeder and two No. 10 B. & S. copper tele- 
phone wires. 


1G) )side-Bracket Construction.—-When this con- 
struction is used, the track is generally on one side of 
the street; it is used most extensively for cross-country 
lines where a single track runs along one side of the high- 
way. For this class of work, cheap gas-pipe brackets are 
generally used; and since the construction calls for only one 
pole, whereas a span wire requires two, it is less expensive. 

Fig. 15 shows a side-bracket construction of good design. 
The bracket is braced from above and below, a 2-inch tie-rod 
being used for the upper brace and 1}-inch pipe for the lower. 
The feeders are carried on the cross-arm and tapped on to 
the trolley wire, as shown by the connection a,a. Line light- 
ning arresters are mounted at suitable intervals, five or more 
to the mile, as shown at J, and are connected to ground by 
No. 00 weather-proof wire c. The best way to obtain a 
ground for these arresters is to attach the ground wire to the 
rails, as indicated. Two trolley wires of figure 8 cross- 
section equivalent to No. 00 B. & S. are used; telephone 
wires are carried on side brackets d, d. 


186—7 


Loca/ feeder Jor 
feeder Lrstari/ Section 


GO ASS 


Na. 00 Trolley 
Wires 


Cedar Pose 


Fic. 15 


§ 37 LINE AND TRACK 17 


POLES 

17. Poles are either of steel or wood. For cross-country 
or suburban roads wooden poles are generally used, since 
appearances are not of so much consequence as with city 
roads; and even in cities, wooden poles are erected when 
there is no strong objection to them on the ground of unsight- 
liness. For city work tubular wrought-iron or steel poles of 
the telescope type are very common; these are usually made 
up of three sizes of pipe welded together. Seamless steel- 
tube poles are also coming into much favor. Iron or steel 
poles are invariably set in concrete, for which the following 
is a suitable composition: 


ser elamcace ments mute ls sole 60cm oureias say ela pate 
CeanSMatp SANG e uy. oo Sal een teen so eee parts 
Clean wprokem stone. 10,0. .-2 ss. .as.. 0 parts 


18. Wooden poles are usually of chestnut, hard pine, 
. cedar, or redwood. The use of redwood poles is confined 
mostly to a few of the western states. Poles with tops less 
than 8 inches in diameter should not be used in railway work; 
they may be suitable for some classes of telephone and tele- 
graph line construction, but they are too light for the heavier 
work of electric railways. Chestnut poles should, preferably, 
be second growth and left in their round natural condition. 
Poles sawed to octagonal shape are usually of hard pine. 
In general, while sawed poles present a better appearance 
than round poles in their natural condition, the removal of 
the outer part of the wood shortens their life. If poles are 
kept well painted, their life will be prolonged, to say nothing 
of the improvement in their appearance. The part in the 
ground should, with the exception of the base, be coated 
with tar or some other preservative compound. Experience 
has shown that it is better to leave the bottom uncovered by 
the tar, because the center of the pole then remains constantly 
damp and does not rot as quickly. In many cases, poles are 
treated with creosote in order to prolong their life. Table III 
gives data relating to untreated poles of best quality Amer- 


ican yellow pine or cedar. 
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TABLE It 
APPROXIMATE SIZES, WEIGHTS, ETC. OF WOODEN 
POLES 
eee i Allowable 
Length | ees volume Shape of Weight ces — 
Feet | Top | Bottom | Cubic Feet Section Pounds aries i 
Inches | Inches 
28 8 10 T235 Circular 600 to 700 725 
28 8 10 13.2 Octagonal | 650 to 800 725 
30 8 10 13.4 Circular 670 to 820 700 
30 8 10 T4-2 Octagonal | 700 to 840 700 
30 9 12 19.1 Octagonal |goo to 1,140 850 


19. Setting Wooden Poles.—Wooden poles are not, 
as a rule, set with concrete, although there is no good reason 
why they should not be. When the side-pole span-wire 
construction is used, they should have their earth bearing 
increased by the proper disposal of several large stones. A 
couple of stones should be jammed into the hole alongside 
of the pole on the side away from the track and a couple 
more near the mouth of the hole on the side next the track. 
This will do a great deal toward preventing the span of wire 
from pulling the tops of the poles together. A piece of 
timber may be substituted for the stones on the track side, in 
which case it should be about 3 feet long and 8 square inches 
in cross-section. After the pole has been placed in position, 
it should be solidly tamped around to make a firm bed. The 
tamping should be done while the pole is free; if done while 
there is tension on the span wire, the effect will be just the 
opposite to that desired. On straight stretches of track, 
using side-bracket construction, the poles should be given a 
rake backwards from the track, the top of the pole not being 
more than 2 or 3 inches out of plumb. Where side poles are 
used, with span wires, the rake should be considerably 
greater because of the tendency of the span wire to pull the 
tops together (see Fig. 13). In soft ground, the raké should 
be from 8 to 12 inches, depending on the character of the 
ground and the kind of pole foundation; the more yielding 
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the soil the greater should be the rake. In setting poles 
having a rake, it is advisable to use a spirit level or plumb- 
bob; by doing this they will all be on a uniform slant, 
whereas if the eye alone is depended on, the pole line may 
be very uneven. The poles are usually spaced from 100 to 
125 feet apart. In cities 100 feet, or about 53 to the mile, 
is a common average; while in other places, where a lighter 
construction is sufficient, they may be placed 125 feet apart, 
or about 42 to the mile. 


20. Tubular Steel Poles.—Fig. 16 shows a tubular 
steel pole adapted to the various types of construction, 
(a) being for the side bracket, (4) for the center pole, (c) for 
the span wire. The method of attaching the span wire to 
the pole in (c) is shown in the small detail sketch. A 


TABLE IV 
APPROXIMATE WEIGHTS OF IRON POLES 


Diameter of Sections 
Length | Weight 
Bottom | Middle Top Feet Pounds 
Inches | Inches | Inches 


Style of Pipe 


Standard : 5 4 3 27 350 
Extra heavy . 5 4 3 20 500 
Standard 6 5 4 28 475 
Extra heavy . 6 5 4 28 700 
Standard F 7 6 rs 30 600 
Extra heavy . #) 6 5 30 1,000 
Standard 8 7 6 30 825 
Extra heavy . 8. Fl 6 30 1,300 


clamp is fastened around the pole and to it is attached a 
turnbuckle that allows the tension on the span wire to be 
adjusted. Usually this turnbuckle is insulated in order to 
provide insulation between the trolley wire and ground in 
addition to that afforded by the trolley-wire hanger. Feed- 
wires are carried on an iron cross-arm bolted to the pole, 
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as in (c). An enlarged view of the center-pole top is shown 
in (¢). The trolley-wire hanger is not fastened rigidly to 
the horizontal cross-arm but is flexibly supported from a 
short span wire stretched between brackets; the span wire is 
usually made of stranded steel cable about 7s inch in 
diameter. Table IV gives the approximate weight of iron 
poles. 

Steel poles are sometimes made in other than the telescope 
tubular form. Poles made of pressed steel parts riveted 
together have been used; also latticework poles built up of 
structural steel. In the majority of cases, however, the 
telescope type of pole is the one generally adopted. 


LINE FITTINGS AND LINE ERECTION 


TROLLEY WIRE AND FEEDERS 


21. The general arrangement of wiring for a double track 
is shown in Fig. 17. The poles p are placed not more than 
125 feet apart measured along the road, and between oppo- 
site poles are stretched the span wires s. At intervals of 
about 500 feet and at the approach to all curves, anchor 
wires a are put up, being secured by special hangers, as 
at #. These take up the strain on the trolley wire in the 
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direction of its length, for it must be borne in mind that the 
trolley wire is put up under considerable tension, so that 
should it break it would draw apart in both directions if 
there were no anchor wires to hold it in position. The two 
general methods of stringing the trolley wire depend on 
whether it is put up dead or alive; i. e., whether the current 
is off or on. In the first case, the wire is run off the reel 
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under the span wires and is then-raised and tied temporarily 
to them; the tension is put on afterwards and the wire fast- 
ened to the insulators. 

If the wire is put up alive, the reel is put on a flat car that 
is moved by a trolley car. As fast as the wire is paid off, it 
is fastened to the insulators, once for all, by a line crew that 
follows close behind. It may be necessary to go over the 
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road afterwards and make a final adjustment, especially at 
curves and crossings. 


22. Erection at Curves.—The method of securing the 
trolley wire at curves is shown in Fig. 18, where 4 repre- 
sents the arrangement of guy wires g attached to the trolley 
wire ¢ when a single pole is used. Strain insulators are 
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usually inserted, as shown at #, and the trolley wire, at the 
beginning of the tangent or straight portion, is held by 
anchor wires a. A flexible method of suspension is shown 
in diagram 8, where a heavy span wire s holds up the guy 
wires; this form of construction tends to equalize the strains 
on the span wires, and is generally adopted in place of 4, 
which is the older method. A double curve is shown at C, 
the different wires and poles being 
designated by the same letters as 
in the preceding layouts. 


23. Offset in Trolley Wire. 
In going around a curve, the trolley 
wire does not follow the center line 
between the rails as it would do 
if the trolley wheel were applied 
to the wire at a point immediately 
over the center of the car, but it is 
shifted over toward the inside rail 
by a distance that depends on the 
radius of the curve. This departure from the center line 
of the track is shown in Fig. 19, where the curve ¢ is the 
center line of the rails and ¢ the path of the trolley wire. 
The amount of offset measured at the middle of a 90° curve 
at the point indicated by the arrows in the figure should be 
about as follows: 
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The object of the offset is to allow the trolley wheel to lie 
more closely to the wire; it would not do this so well if the 
wire followed the center line of the track, as the wheel 
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would lie diagonally across the wire and cause a large 
amount of wear on curves. 


24. Guard Wires.—In some places, guard wires are 
located above the trolley wires, as shown in Fig. 20. They 
are placed about 18 inches above and to one side of the 
trolley wire, their object being to prevent telephone or other 
wires from falling across the trolley wire. Guard wires are 
now very little used, as they are of doubtful advantage and 
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are themselves apt to break and come in contact with the 
trolley wire. They are, however, useful in some special 
places, as, for example, at railway crossings. They have 
usually been made of No. 6 or 8 B. W. G. bare galvanized- 
iron wire, but it is now considered better to use weather- 
proof insulated iron wire, as the insulation adds much to 
the effectiveness of the guard. 


25. Tension on Trolley Wire.—In putting up trolley 
wire, judgment must be used regarding the tension put on 
it. Thus, wire strung in hot weather must be allowed more 
sag than that put up in cold weather, otherwise the contrac- 
tion will put severe strains not only on the trolley wire 
itself, but on the whole overhead construction. A range of 
80° F. between summer and winter temperatures is not at 
all unusual, and this corresponds to a variation of nearly 
4 feet per mile in the length of the trolley wire. For a 
125-foot span of No. 0 wire, put up with a tension of 
2,000 pounds, the sag at the center of the span will be, 
according to Mr. E. A. Merrill, 3.8 inches; for a tension of 
1,500 pounds, 5 inches; for 750 pounds, 9.5 inches; for 
500 pounds, 15 inches. Dawson recommends as a safe 
allowance for localities where the temperature does not fall 
below —20° F., a sag equal to three-fourths of 1 per cent. of 
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the span when the wire is strung at the ordinary temperature 
of 60° to 65° F. Thus, for a 125-foot span, a sag of about 
117 inches would be allowed, and in the warmest weather the 
sag would not exceed 15 inches. 


26. Span Wire.—Span wire is usually made of galvan- 
ized iron or steel, and in the best construction, stranded wire 
is always used. A common size is 7 inch in diameter, made 
of seven strands, No. 12 B. W. G. Where a heavier con- 
struction is desired, %-inch stranded wire, made of seven 
strands, No. 11 B. W. G., is used. Solid span wire is not 
desirable, but in case it is used, the size should not be 
smaller than No. 1B. & S. for No. 0 trolley wire. Span 
wires should be placed so that the trolley wire will be from 
19 to 20 feet above the top of the rail. Of course, there are 
places where this rule cannot be adhered to, for at steam 
railroad crossings the wire must be higher than 19 feet, and 
under elevated structures it must be much lower. 


27. Insulators.—The hanger supporting the trolley 
wire is always constructed so as to provide thorough insu- 
lation, except in cases where it is used to connect the trolley 
wire to a feeder. With wooden poles, the hanger provides 
sufficient insulation between the trolley wire and ground, so 
that it is not necessary to insulate the span wire from the 
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poles. With iron poles, insulators are generally used in the 
span wire as an additional precaution. Fig. 21 shows an 
ordinary strain insulator much used whenever a span wire 
or pull-off is to be insulated from the pole. The span wires 
are attached to a,a, and the pull is taken up against piece 4, 
which is separated from a,a by insulating material. The 
whole insulator, with the exception of the two eyes, is 
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covered with molded insulation. Fig. 22 shows two styles 
of insulated turnbuckle for span-wire construction with 
iron poles. 


foam 
J 4 
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28. Trolley-Wire Suspensions.—The hangers for sus- 
pending the trolley wire are made in a great variety of 
designs, but in general they consist of three parts, namely, 


a casting or body that is held by the span wire or bracket, 
an ear that grips or is soldered to the trolley wire, and an 
insulating material that separates the ear from the casting. 
Fig. 23 shows a com- 
mon form of suspen- 
sion with the ear re- 
moved; a is the main 
casting provided with 
the grooved exten- 
sions @. The span 
wire passes through d 
and around a, thus 
holding the hanger 
in place; by using a 
special tool, hangers 
are easily sprung into 
place on the span wire. Bolt cis bedded in molded insulating 
material and the casting is covered by a metal cap 6. The 
ear to which the trolley wire is fastened screws one. Fig. 24 


Fie. 24 
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is a sectional view of a hanger very similar to that in Fig. 23. 
The bolt a, with its molded insulation 4, is held firmly in place 
by the screw cap c, but can be easily removed by unscrew- 
ing the cap. 

The metal castings for overhead fittings are made either 
of malleable iron or brass. The ears, when soldered, are 


Fic. 25 


made of brass; those designed to°clamp on the wire are 
usually made of malleable iron. 

Fig. 25 shows four styles of ears intended for soldering to 
the trolley wire. They are provided with a groove on the 
under side, in which the wire lies. The ear shown at (a) is 
known as a plain ear; it is used for ordinary straight-ahead 
work. (4) shows a strain ear; so called because it is 
provided with lugs e,e, to which the wires a, a, Fig. 17, are 
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attached. (c) is a feeder ear; it is provided with a lug 4 
to which the tap from the feeder attaches. (d) is a splicing 
ear, used where the trolley wire comes to an end at a 
hanger. This ear serves the double purpose of holding the 
wire and acting as a splice. The ends of the trolley wire 
are passed up through two 
openings #, hk and bent back 
over. Feeder ears and spli- 
cing ears are used compara- 
tively little. 
Fig. 26 shows a suspension 
_ provided with an automatic 
ear. This ear is made in 
two parts that are hinged 
together. When 4 is screwed 
ES up, the ear e clamps the wire, 
thus holding it firmly without the use of solder. Automatic 
ears make more or less of a projection, and hence tend to 
make the trolley wheel jump more than soldered ears. They 
are, however, easy to put up and are especially useful for 
temporary work or in places where the location of the hangers 
may have to be changed. 
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29. In rounding a curve, the trolley wire is at first 
stretched in temporary wire slings and anchored, after which 
the hangers or pull-over clamps are attached. For ordinary 
curves, suspensions such as shown in Figs. 27 and 28 may 
be used. Fig. 27 shows a single-curve suspension used with 
single-track work; Fig. 28 is a double-curve suspension used 
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where there are two trolley wires and where a span wire or 

pull-off wire must be attached to each side of the hanger. 
For suspending ttolley wires and making repairs on the 

same, a ‘tower wagon”’ is used; this consists of a platform 
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supported on a wagon at a convenient height for ready 
access to the wires. This platform is generally so arranged 
as to project beyond the wagon, so that the latter may stand 
clear of the tracks while repairs are in progress and not 
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interfere with regular traffic. When not in use, the platform 
may be lowered to the wagon by means of a winch. 


30. Frogs.—At the point where one line branches from 
another, overhead switches, or frogs, are used to guide the 
trolley wheel from one wire to the other. Fig. 29 (a) shows 
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the under side of a simple two-way V frog of a type that is 
largely used; (4) is a right-hand frog and (c) a left-hand frog. 
In these frogs the trolley wire is soldered into the ears. 
Fig. 30 shows a V frog in its natural position. In this case, 
the trolley wire is held by clamps 4,6,6 and no solder is 
necessary. The span wire is attached to the ears a. 


81. It is necessary that frogs be placed correctly with 
relation to the track, and mechanical fastenings for the wires 
are therefore desirable, because they allow the frog to be 
adjusted to the position giving the best results. The satis- 
faction that any frog will give depends a great deal on how 
it is put up. If put up level, the trolléy is very likely to 
follow the same direction as the car, but if allowed to sag 
down on one side, it will be a never-ceasing source of 
trouble, due to its throwing the trolley wheel off the wire. 
The position for the frog may be found by the method 


OB d 


shown in Fig. 31, where a and 6 are the main-line tracks, 
c and d the branch-line tracks, a’ d/ the main trolley wire, 
and fc’ the branch trolley wire. The center of the trian- 
gle 2x m will be at a point ¢ where the lines bisecting each 
angle meet; and this determines the position of the frog. It 
will be a little removed from the center lines of the tracks. 
In practice it is often found necessary to shift a frog after it 
has been put up in order to make the trolley wheels run 
over it without jumping off. Lateral adjustment can be 
obtained by means of the turnbuckles attached to the span 
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wires. When a frog is first connected, the trolley wire 
should be left long and the end coiled up on top of the frog 
so that the latter can be shifted forwards or backwards in 
case such adjustment is afterwards found necessary. 


32. Cross-Overs.—At the point of intersection of two 
trolley lines, a device called a cross-over is used. Fig. 32 


Cee <l 
ii 
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shows two common forms of cross-overs; (a) is used where 
the two lines cross at right angles, (4) where they cross at 
an acute angle. Where the intersecting trolley wires belong 
to different companies, it is necessary to insulate the wires 


" er: 
ai Fn 
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from each other. In such a case, a special insulating trolley 
crossing, Fig. 33, must be used. 


83. Section Insulators.—Section insulators are placed 
at the junction of two divisions that are fed by separate 
feeders from the power house, and are commonly known as 


186-—8 
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line circuit-breakers or simply line breakers. The 
direct line of the trolley wire is unbroken, allowing the 
trolley wheel to run smoothly across the insulating material 
(usually hardwood) that separates the two castings to which 
the sections of trolley wire are attached. Figs. 34 and 35 
show two satisfactory types of section insulators, the insula- 
ting material in both cases being hardwood. 
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The main requirements for line devices of any kind are 
simplicity, durability, and strength. There is no place on 
the road where appliances are subjected to as violent knocks 
as they are on the line when struck by a pole that flies off 
under a tension of 20 or 25 pounds with the car going 20 or 
380 miles an hour. Where the device has an insulator, this 
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must be effective; for while the leakage current over one 
may be small, that for hundreds of them in parallel may 
amount to considerable. Every line should be subjected to . 
a constant and careful inspection, and as soon as a fault 
begins to assert itself, it should be remedied at once. 


34. Feeder Splicing.—The feeders, if they are not in 
the form of large cables, are usually joined by using the 
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ordinary Western Union joint, Fig. 36, or by a long twisted 
joint, as in Fig. 87. In the latter case the insulation is 
removed for about 2 feet from the ends, and the wires 
twisted together while under tension and then soldered. 
This makes a good joint and it is much neater and less 
bulky than the Western 
Union when used with 
large solid wires, such 
as No. 000 or No. 0000. 
A solution of resin in alcohol makes a good flux for solder- 
ing such joints, as it does not corrode the wire. 

Large feeder cables may be joined either by weaving the 
strands together and soldering or else by using a copper 
sleeve and thoroughly soldering the ends into it. Another 
effective method of joining cables is to slip a heavy copper 
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sleeve over the joint and then subject this sleeve to very 
heavy pressure by means of a special portable hydraulic 
press. All overhead wires after being spliced should be 
thoroughly taped, so as to provide an insulation at least 
equal to the covering on the wire. 


35. Splicing Trolley Wires.—When a trolley wire is 
spliced, the joint has to be mechanically strong, because 
there is considerable strain on the wire; also, the joint must 
offer as little obstruction as possible to the passage of the 
trolley wheel. The most common method of splicing trolley 
wire is by means of a tinned tapered brass sleeve, Fig. 38. 
The wires go in at each end of the connector and are bent 
up through the openings a,a. The remaining space is then 
poured full of melted solder and the ends of the wire 
trimmed off. This connector will give excellent service if 
care is taken to see that it is made of heavy enough material 
and is a good fit for the wire. (4) shows dimensions for 4 
satisfactory connector for No, 00 wire. 
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The splicing ear shown in Fig. 25 (d) represents another 
device for splicing trolley wire. The general idea is the 
same as that used in the tubular trolley connector, except 
that it must be used at a point of support, as indicated by the 
lug for attaching to the hanger. The ends of the wire to be 


spliced go into the ear at the ends, pass up through the 
holes #, 2, and are turned back and trimmed off. The fins 
on the lower edge of the ear are clinched and the whole is 
then sweated with solder and cleaned off. Splicing ears do 
not always call for the use of solder; 
in some of them the wire is held by 
means of screw clamps, but they all 
have the disadvantage that a splice 
cannot be made except where there is 
a hanger, whereas with a sleeve con- 
nector, a splice can be made anywhere 
on the line. 


36. Feeder Insulators.—Heavy 
glass insulators may be used for sup- 
porting feeders of ordinary size. In 
the case of large feeders, however, 
the strain is very great and glass insulators are liable to 
crack. This is especially so at curves, where the strain on 
the insulator may be very heavy. 

Where the heavy feeder cable subjects the pole insula- 
tor to a side strain, as at corners and curves, insulators of 
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composition material, such as molded mica, are used, because 
this material is tougher than glass and does not crack under 
the strain. Fig. 39 shows one of these insulators having a 
groove large enough to take a cable up to 500,000 circular 
mils cross-section. Fig. 40 shows another style where the 
top is made of bronze and the lower part of molded insula- 
tion. The feeder rests in the groove and is held in place by 
the screw capa. Fig.41 shows 
still another style, in which the 
cable also rests in a groove on 
top, but is held in position by 
means of a tie-wire. 


387. Connecting Feeders 
to Trolley Wire.—Fig. 42 
shows the most common method 
of tapping the feeder to the 
trolley wire. A piece of solid weather-proof feed-wire 
(No. 00 to 0000) is tapped on to the feeder and is fastened 
to the strain insulator a by passing the end of the wire 
through the eye of the insulator and giving it a few turns 
around itself. The other end of the feed-wire is attached to 
one end of strain insulator 4, which is placed at some distance 
to the left of the trolley hanger so that it will not be struck 
in case the trolley wheel flies off the wire. For the balance 
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Feeder. 


Weather-proof feed wire, 


Sree/ wire 
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of the span from 4, ordinary steel span wire is used, though 
in some cases the copper wire is run clear across and strain 
insulator 6 placed near the pole in the same position as a. 
The weather-proof insulation is removed from the feed-wire 
at the point where the trolley-wire hanger is attached, the 
hanger having a solid brass bell, without the usual insulation, 


soldered to the span wire. 
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88. Line Lightning Arresters.—The overhead dis- 
tributing system of an electric railway should be liberally 
supplied with lightning arresters. There should be at least 
five to the mile and a good ground connection should be 
provided by connecting to the rail. The arresters used for 
this work are practically the same as those for indoor loca- 
tion in power stations, except that they are enclosed in 
weather-proof cases. 


THE TRACK 


389. The track on which electric cars are to run must be 
substantially constructed. Each car carries its own motors 
and the track is subjected to much greater wear and tear than 
if the cars were propelled by some outside source of power, 
as, for example, on acable road. The rails are subjected to 
the grinding action of the wheels whenever slippage occurs 
and the weight of the motors on the trucks is so great that 
unevenness in the track causes severe pounding. When elec- 
tric railroads were first installed, the track construction was 
altogether too light and the whole tendency has been toward 
heavier construction, until at present the trackwork on the 
best electric railways is fully as substantial as that on trunk- 
line steam roads. On most electric railways, the track is 
used for one side of the circuit and the rail joints must 
therefore be of good conductivity. Special precautions must 
be taken to see that the joints are so made that they will not 
deteriorate rapidly; they should also provide a conductivity 
at least as good as a length of rail equal to the length of the 
joint, but on many roads the conductivity is not up to this 
standard. Rails for electric roads, as now built, seldom 
weigh less than 60 pounds per yard, and in most cases weigh 
more. Many interurban roads use rails weighing 80 or 
90 pounds per yard, and for city tracks, where high rails 
must often be used on account of paving, the weight will run 
over 100 pounds per yard. 

The kind of roadbed and rail to be used depends on where 
the road is located. If the soil has a very poor bottom, the 
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subwork must be more substantial than where the soil is 
firm or where there is rock. The construction also depends 
a great deal on the traffic, and in many cases on city ordi- 
nances that call for a certain class of rail. 


RAILS 


40. Composition of Track Raiis.—Rails are always 
of mild steel; i. e., steel containing a low percentage of 
carbon, together with manganese, silicon, and very small 
percentages of sulphur and phosphorus. The percentages 
of carbon and manganese have a marked effect on the hard- 
ness of the rail; if small, the rail will be soft and its wearing 
qualities poor; if high, the rail will be brittle and its elec- 
trical conductivity will be low. ‘Table V shows the limiting 
percentages of carbon, phosphorus, silicon, and manganese 
as specified for track rails for a number of prominent street- 
railway systems in the United States. These will give an 
idea as to what is considered a desirable composition for 
rails; it will be noted that the percentages of the different 
substances do not differ greatly. 


41. Cross-Section and Weight of Rails.—Rails are 
always designated by the number of pounds per yard that 
they weigh. Thus, a rail weighing 60 pounds per yard is 
known as a 60-pound rail; one weighing 80 pounds per yard, 
as an 80-pound rail; and so on. The weight in pounds per 
yard divided by 10 gives the cross-sectional area, in square 
inches, approximately. For example, an 80-pound rail would 
have a cross-section of $6 = 8 square inches. We may write 


ls (1) 
where A = area of rail section, in square inches; 
W, = weight of rail, in pounds, per yard. 


Rule 1.—7Zo find the area of cross-section of a rail, divide 
the weight, in pounds, per yard by 10. 
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To find the weight of rails required per mile of single 
track, the following simple formula may be used: 


W.=1.76W, (2) 


where W, = weight of rails, in tons, for 1 mile of single 
track; 


W, = weight of rail, in pounds, per yard. 


Rule 11.—7he number of tons weight of rail required tor 
1 mile of single track is equal ta 1.76 times the weight of the 
vail, in pounds, per yard. 


42. Resistance of Track Rails.—Since, in most elec- 
tric railways, the track is used as one side of the circuit, it 
is important to know the electrical resistance of steel. The 
resistance of mild steel varies greatly with its composition, 
the harder the steel, the higher is the resistance. Track 
rails are selected for their wearing qualities; hence, a certain 
degree of hardness is essential; but where a rail is used 
simply as a working conductor, as in third-rail systems, it 
can often be made of softer steel, because the only wear to 
which it is subjected is that of the collecting shoes. 

Extended tests made by Mr. J. A. Capp on specimens of 
rails obtained from different sources show specific electrical 
resistances varying from 6.4 to 13.2 times that of copper. 
A fine grade of Swedish wrought iron showed a resistance 
of about 6 times that of copper. It has been customary to 
assume, in making calculations regarding track resistance, 
that steel ordinarily used in track rails has a specific resist- 
ance of 7 times that of copper. However, tests show that 
in most cases the specific resistance is much higher than this, 
and to be on the safe side, 10 would be more nearly in 
accordance with the facts and will be so taken here. 


48. Steel for Conductor Rails.—In most cases where 
roads have been operated by a third rail or from special 
conductor rails, as in slot systems, the rails have been 
rolled from material the same as used for the track. Rails 
rolled of special steel to secure higher conductivity would 
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cost too much in the majority of cases. Mr. Capp’s tests 
show that by properly limiting the impurities in the steel 
there is no difficulty in securing a composition that can be 
made without greatly increasing the cost and that will have 
a resistance not over 8 times that of copper. The element 
having the greatest effect on the resistance is manganese, 
and if the percentage of this is kept down, the other impuri- 
ties can be present in a considerable amount without causing 
a very high resistance. Chemically pure iron has a resist- 
ance approximately 4.5 times that of copper, and compara- 
tively small percentages of impurities increase the resistance 
in a marked degree. Pure iron, even if it could be obtained 
at reasonable cost, would not be suitable for conductor 
rails because it would not be hard enough to stand the wear 
of the collecting shoes. At the same time, if a conductor 
rail is made with percentages of carbon and manganese 
lower than ordinarily used, the conductivity can be improved. 
Mr. Capp recommends the following composition as giving 
a resistance not exceeding 8 times that of copper: Carbon 
not to exceed .15 per cent.; manganese not to exceed .30 per 
cent.; phosphorus not to exceed .06 per cent.; and silicon 
not to exceed .05 per cent. On some large systems, for 
example, on the New York subway, where the length of 
conductor rail is sufficient to warrant the preparation of 
special steel, it has been used; but for ordinary roads, 
standard rails have in many cases been installed. 


44, Formulas for Track Resistance.—A copper bar 
of 1 square inch cross-section has an area of 1,273,236 circu- 
lar mils. ‘The resistance of 1 mil-foot of commercial copper 
may be taken as 10.8 ohms; hence, the resistance of a bar of 
copper 1 square inch cross-section and 1 foot long would be 

10.8 


1,273,236’ 


and a bar 1 yard long would have a resistance 
92 
————~— ohms. If W, is the weight of a rail, in pounds 


per yard, its cross-sectional area, in square inches, is ai 


. 
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and if we assume that the resistance of ordinary rail steel is 


10 times that of copper, a rail having a cross-section of 4B 


W, 
100 
square inches cross-section. Hence, if the resistance of 
1 yard of copper bar of 1 square inch cross-section is 
10.8 x 3 


square inches will be equivalent to a copper bar of 


ohms, a yard of rail of weight W, will have a resist- 


1,273,236 
ance of 10.8 x 8 77 = oe ohm; or 
1,273,236 Z od 
* 700 
.00254 
Ry, = 3 
y W, (3) 


where #, = resistance, in ohms, per yard of rail; 
W, weight of rail, in pounds, per yard. 


Rule 1.—TZhe veststance, in ohms, of 1 yard of steel ratl ts 
equal to .00254 divided by the weight, in pounds, per yard. 


' Sometimes it is more convenient to have the resistance 
expressed in terms of 1,000 feet of rail. Since 1,000 feet 


= 5 yards, 


1000 
pr = 100254 x 2922 _ 848 (4) 


W, W, 


Rule I1.—7he vreststance, in ohms, per 1,000 teet of steel rail 
ts equal to .848 divided by the weight, in pounds, per yard. 


If the resistance per mile is desired, we have 


_ 00254 x 1,760 _ 4.48 (5) 


Rm 
W, W, 


Rule IlI.—7Zhe resistance, in ohms, per mile of steel rail ts 
equal to 4.48 divided by the weight, in pounds, per yard. 


It should be particularly noted that these formulas are 
based on the assumption that the steel has a specific resist- 
ance 10 times that of copper. 
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45. For a special conductor rail with a resistance 8 times 
that of copper the formulas would become 


00204 
R, = W, (6) 
679 
Rie W, (7) 
_ 3.59 
Rn = W, (8) 


In the case of a single track, there are two rails in parallel; 
hence, the resistance for each unit length of track (two rails) 
would be one-half that given by the preceding formulas. 
For a double-track road (four rails in parallel) the resistance 
would be one-fourth that given by the formulas. 

As shown later, under the subjects of rail joints and rail 
bonding, there is no reason why the resistance measured 
across, say, 38 feet of rail including a joint should not be as 
low as 38 feet measured across the solid rail if proper care 
is taken at the joints. Hence, for first-class construction, 
it is allowable to take the resistance calculated from the 
above formulas as representing the actual track resistance 
without the necessity of adding anything for extra resistance 
due to joints. 

Table VI shows various values of rail and track resist- 
ance thus calculated; if provision is not made for thorough 
bonding, the values given would be exceeded by an amount 
depending on the conductivity of the joints as compared 
with an equal length of solid rail. 


RAIL SECTIONS 


46. Two kinds of rail are in common use for electric 
railways: T rails and girder rails; girder rails may be 
subdivided into two classes: ¢vam vratls and groove rails. 
There is no good reason why a T rail should not be called a 
girder rail; it resembles a girder fully as much as the rails 
commonly known by that name, and this is particularly so 
with the high T rails now so much used in paved streets. 
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In Fig. 48, (a2) shows a T section, (4) a tram girder, and 
(c) a groove girder. In each case, # is the head, or ball; 
w, the web; and f, the flange or foot. A T rail is a center- 
bearing rail, because the center of the head is directly over 
the center of the web. The girder rail shown in (6) is 
called a tram rail because of the projecting tram ¢; in (7) 
the groove o is the distinctive feature; the projecting part d 
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is called the /zH. k is the gauge line, or the part that the 
gauge touches when gauging the distance apart of the rails. 
The tram rail is the first in order of invention and it is still 
more used than any other type of girder rail. The tendency 
is to use long rails for electric-railway work in order to 
reduce the number of joints. Ordinary rails are 30 feet in 
length, but many roads are now using 60-foot rails even 
though they are more difficult to ship and handle. 


47. T Rails.—The T rail is used on all steam roads and 
on electric roads wherever allowable. For suburban and 
interurban lines, it is the type universally employed; and 
even for city work in paved streets it is taking the place of 
the tram and groove rails. The T section gives a maximum 
amount of strength and stiffness with a minimum of 
material, and it has no groove or tram for the collection of 
dirt; the head remains clean, and a clean rail means less 
power for the propulsion of the cars. It is cheaper than the 
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tram or groove types and provides a track that is easier to 
lay and is fully as good, if not better, so far as running 
qualities are concerned. There has always been more or 
less opposition to the use of T rails in paved streets on the 
ground that they break up the surface of the pavement more 
than the tram or girder shapes, thus interfering with street 
traffic. However, with special paving bricks now used this 
objection is overcome to a large extent, and T sections are 
strongly advocated by many prominent street-railway 
engineers. 
TABLE VII 


WEIGHTS AND DIMENSIONS OF STANDARD T RAILS 
(A. S. C. E. Sections) 


: Area of ; ; ; 
Weight . _|Width of Base} Thickness Width of 
Pounds per iets ear and Height of Web Head 
quare 
Yard lashes Inches Inches Inches 
100 9.8 St 16 ae 
95 9.3 516 ts tt 
3 9 5 
90 8.8 58 T6 23 
85 8.3 51s 16 vs 
35 at 
80 Wee 5 64 
75 7.4 416 $e a 
5 33 7 
70 6.9 48 64 16 
65 6.4 Ais z 238 
60 5.9 4t $t 3 
55 5.4 476 a2 t 
50 4.9 38 ts ro 
alah 27 
45 4.4 316 64 


48. For suburban or interurban roads, standard T rails 
similar to those used on steam roads are suitable; no paving 
conditions have to be met and a rail of standard height can 
be used. Fig. 44 shows four of the standard sections for 
T rails and fish-plates adopted by the American Society of 
Civil Engineers and commonly known as A. S. C. E. sec-. 
tions. In all these, the height is equal to the width of the 
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base; (a) is a 100-pound rail; (4) a 95-pound; (c) a 90-pound; 
and (d) an 85-pound. Table VII gives dimensions of the 
various A. S. C. E. sections; rails as small as 45 pounds per 
yard are given in the table, but those lighter than 60 pounds 
are seldom used for electric-railway work, except per- 
haps for light railways around industrial plants. Many of 
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the leading interurban electric roads use rails of standard 
A. S. C. E. section, and unless there is some good reason 
for using a special section it is advisable to install a 
standard rail wherever possible. 


49. When T rails are used in paved streets, it is usually 
necessary to lay a rail higher than the standard; therefore, 
T rails 6 or 7 inches in height are much used for this 
class of work; they are sometimes called shanghai rails. 
Fig. 45 shows three typical high T sections; (a) and (6) are 
sections made by the Lorain Steel Company, (a) weighing 
60 pounds per yard and (6) 72 pounds per yard. The 
one shown in (c) is recommended by the Committee on 
Standards of the American Street Railway Association. It 
weighs 95 pounds per yard and the distinctive feature is the 
width of tread, which is 8 inches as compared with 2+ inches 
in (a) and 27s inches in (4). The object of the wide tread is 
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to allow interurban cars, having a 38-inch wheel tread, to 
operate over city tracks without interfering with the pave- 
ment. The splice bars, or fish-plates, ate also made with 
an unusual amount of camber to prevent buckling when the 
bolts are drawn up. High T rails are strongly recommended, 


by the committee just referred 
to, whenever the consent 
of the municipality can be 
obtained. 


50. Girder Rails.—Girder 
rails of the tram or groove 
type are intended to provide a 
track that will interfere as 
little as possible with street 
traffic. A groove rail leaves 
Yim, the street surface unbroken 
and there is little tendency for 
vehicles to run along the rails. 
The rail head, or groove, 
does not present an attractive track for carriage or truck 
wheels, but with the tram rail, the surface of the street is 
more or less broken and the tram offers a good path for 
carriages and trucks. ‘The tram rail should not, therefore, 
be used in places where there is dense city traffic. Vehicle 
traffic is not of so much importance in localities where it is 
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not dense, but in large cities the wear on the track from 
this source may be considerable, and a tram rail not only 
attracts this traffic but makes it hard for vehicles to turn out 
of the way. For densely traveled districts, a grooved rail 
should be used; and for places where the street traffic 
is lighter, a high T rail with special paving bricks next 
the rail, as described later, wili often be found preferable 
to the tram rail. 


51. Fig. 46 shows four girder sections. (a) and (4) are 
standard tram sections; (a) weighs 90 pounds per yard 
and (4) 94 pounds. Groove rails can only be used satisfac- 
torily where the streets are kept reasonably clean and 
where the car service is so frequent that dirt or ice does 
not have a chance to accumulate in the groove. The pres- 
ence of foreign matter in the groove not only increases 
the power required to run the car, but also introduces an 
element of danger, as a small stone may be sufficient to 
throw the car off the track. It is now customary to make 
the groove flaring at the top, so that dirt can be pushed 
out sidewise by the wheel flange. Fig. 46 (c) shows an 
Se eeend grooved girder raii used in Boston. The lip is cut 
down # inch below the tread of the rail, and the section is to 
a certain extent a compromise between the tram rail and full- 
groove rail. The groove is wide and flaring so that dirt will 
be forced out at the side. (dZ) shows a very heavy grooved 
rail used for standard trackwork in Philadelphia in localities 
where the traffic is dense. For places where the traffic 
is lighter, the section shown in (az) is used. The rail shown 
in (d) weighs 137 pounds per yard and the lip is extended 
to the right, as shown, thus combining the tram feature with 
the groove. Another feature is the way in which the tread 
is cut off at (az), thus helping to keep the part of the tread, 
on which the wheel runs, cleaner than with ordinary girder 
rails. Fora given groove, there is always a given shape of 
car- -wheel flange that is best suited to that groove; so that in 
buying car wheels, due regard must be had for the shape 
and size of the groove that they are to run in, otherwise 
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there will be excessive wear in the groove and on the wheel 
flange. A wheel flange must be of a certain depth in order 
to be safe; if the depth of the groove and the depth of the 
flange of the wheel are about the same, the least bit of 
wear in the tread of the wheel will let the weight of the car 
down on the flange, where it is not intended to be and which 
will not stand it; if the wheel flanges are deeper than the 
groove, the wheels cannot be used atall. A track of grooved 
rail must be gauged to exactness, because it offers two 
chances for the wheels to bind. If the gauge is too narrow, 
the outsides of the wheel flanges bind against the heads of 
the rails; if the rails are too far apart, the insides of the 
wheel flanges bind against the side of the groove. 


52. Standard Track Gauge.—The standard track 
gauge is 4 feet 82 inches, as measured by means of a gauge 
such as that shown in Fig. 47 (a2). The car wheels are 
pressed on the axle to 4 feet 84 inches by means of a gauge 

similar to that shown 

or apply such a gauge 

correctly, one end of 

Ae eS ae teen onide eee 

ie move laterally about 

: 23 inches, when both 

of the notches engage the flanges of the two wheels. T rails 

are much more economical from the operating point of view 

than girder rails, because however much the tread of the 

wheel may wear down or be ground down, there is nothing 
for the flange of the wheel to ride on. 


53. Rails With Conical Tread.—The treads of wheels 
are conical; that is, the diameter of tread next to the flange 
is larger than its diameter at the outside edge. This is done 
to allow the car to center itself on the track when the two 
wheels on the same axle are of different sizes. The device 
probably performs its function when there is no greater dif- 
ference in the wheels than is found on two wheels of the same 
make just as they come from the foundry; this difference 
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is, as a rule, not more than # inch in the circumference. 


But the beveled tread cannot be expected to amount to very 
much as an equalizer where the difference in diameter of the 
two wheels is $ or inch. Such a state of affairs should not 
be allowed to exist, on account of the slippage it causes and 
for other reasons; but, unfortu- 
nately, in some cases it does 
exist. The general rule has 
been to make the top of the rail 
level, with the result that until 
there is a certain amount of 
wear in either the rail head or 
the wheel tread, the traction 
surface between the two is a (a) () 
straight line. Fig. 48 shows, Bre. 

in an exaggerated way, the point referred to. It is now 
becoming customary to roll girder rails with a conical tread, 
as shown in (4), thus providing a good traction surface 
between the wheel and rail from the start, and increasing 
the life of both by a considerable amount. The rails shown 
in Fig. 46 (4) and (d) have conical treads. 


SPECIAL WORK, GUARD RAILS, AND CURVES 


54. Special Work.—All roads have a number of.cross- 
ings, curves, branch-offs, cross-overs, etc., and since these 
are different from straight track, in that they involve special 
care and precautions in their installation, they are all 
included under the general name of special work. Impor- 
tant special work is made up complete at the steel works 
and shipped ready to install. As the construction of special 
work must be carried out with great precision (a difference 
of + inch in the angle at which one arm of a frog or crossing 
sticks out may cause no end of trouble), it is done step by 
step, as follows: The site of the proposed work is first 
measured up carefully and a drawing of the survey made. 
This drawing is then carefully checked and is used as a 
means to lay the work out, in actual size, with chalk on 
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a hard, smooth, maple floor, known as the laying-out floor; 
if the job checks up all right, the floor lines and angles are 
used as a guide for making wooden templets to be used by 
the patternmaker and the rail bender. When the separate 
parts of the job are complete, it is set up in the laying-out 
yard, where any slight errors or inaccuracies due to uneven 
shrinkage in the cast parts of the job or to want of care 
in the bending are detected. 


55. Designation of Special Work.—Fig. 49 (a) shows 
a plain curve, in the sense that it is not complicated by any 
branch-offs, turnouts, or other special features; such a curve 
can be simple or compound, single or double, right-hand or 
left-hand. (4) is a left-hand branch-off and (c) a right-hand 
branch-off; these are used where a branch road leaves the 
main line. Facing the point of departure of the branch from 
the main line a right-hand branch-off turns to the right and 
a left-hand branch-off to the left. (d) is known as a connect- 
ing curve and crossing, in the figure, the curve is a right-hand 
branch-off to the horizontal straight track and a left-hand 
branch-off to the vertical one. (e) is a plazm Y; (f) is a 
three-part Y; and (g) a through Y; the three-part Y can be 
used instead of a loop to turn single-end cars at the end 
of the line. (2) is a reverse curve, and must often be used 
where a cross street is broken at the main street. (%) isa 
right-hand and (/) a left-hand cross-over, used to cross over 
from one track to the other; these are very convenient 
devices to place here and there in a main line to turn cars 
back, either when they are crippled or to get them on their 
time after a long delay. When it is practicable, a cross-over 
should be put in so that its switch points will lie in the direc- 
tion of travel on the two tracks. (7) shows a dzamond turn- 
out; (nx) an ordinary siding; and (0), a thrown-over turnout, 
seen very often in temporary work, where it is of the nature 
of a temporary cross-over to avoid a gang of workmen. 

The names given to the different parts of special work vary 
considerably, and much confusion results therefrom. Fig. 50 
shows a piece of special work that includes an example 
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of nearly all the crossings, switches, etc. commonly met 
with, and gives the names of the various parts as recom- 
mended by the Lorain Steel Company. 
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56. Construction of Special Work.—In the switch, 
frog, and crossing part of the special work, the greatest 
wear takes place at the points and breaks, which are sub- 
jected to the pounding action of the wheels caused by the 
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breaks in the tread of the rail. On this account, methods 
have been adopted for inserting hard steel at the points and 
crossings. One make of special work, known as manganese, 
takes its name from special plates of hard manganese steel 
that are placed at the intersections. hese are held in place 
by special bolts, or fastenings, so that they can be renewed 


when worn out. Another class of work is known as guarantee, 
because the crossings are guaranteed to wear as long as the 
abutting rail. In it, tempered steel wearing plates are held 
in place by keys, and zinc poured in around the piece. Ina 


Le ada 
OY, 
EX: 


Fie. 52 


third class of special work, known as adamantine, the cross- 
ings are made of steel castings. Fig. 51 shows a crossing 
of the guarantee type. Renewable hardened steel plates a, a 
are set in as shown; the joints are stiffened by a liberal use 
of cast iron, into which the ends of the rails are cast-welded 


at the crossings. 
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Fig. 52 shows a guarantee curve cross, showing how the 
renewable parts are arranged. The hardened-steel plate a 
is held in place by wedges 4, c that are bedded in zinc, which 
prevents their working loose. In order to remove the plate, 
the wedges 6 are driven down. 


57. Curves.—Curves are of two kinds, simple and 
compound, or transition, curves. A simple curve is one 
that is described with but one radius throughout its length, 
while a compound curve is one so constructed that the 
radii become shorter as the middle point of the curve is 
approached from either end and is easier riding than a 
simple curve. Street-railway curves are always designated 
by the radius, in feet, at the center. Long curves of light 
rail aré sprung in, as a rule; that is, the rail is pried 
over with a bar and spiked into position, the paving being 
relied on to keep the track in place. The main objection to 
“springing in’? a curve is, that if done on a curve of too 
short a radius or with heavy rail, the job in course of time will 
give trouble at the joints; the ends of the rails straighten out 
and make an angle at the joint. ‘This means that the car 
trucks in rounding such a curve will change direction in 
jumps, instead of gradually, and impart to the car a disagree- 
able, jerky motion not to be found on a curve that is smooth 
and regular. On curves of heavy rails and moderate radius, 
a portable rail bender should be used, while shorter curves 
should be bent to a templet with a power bender. With 
ordinary T rails, curves having a radius of 500 feet or over 
can be sprung in, but with girder rails or high T rails 800 
to 1,000 feet is the smallest allowable radius. 


58. A very important point about laying out a single- 
track curve is to be certain that a car will go around it freely 
without either end overhanging the corner of the sidewalk 
or striking any obstruction. On double-track curves is also 
introduced the feature of two cars being able to pass each 
other without danger. It is not absolutely essential that the 
curves be such that two cars can pass each other on them, 
and in many existing cases it cannot be done. Very often, 
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however, it involves but small additional cost to so con- 
struct the curves, and in the long run it is the best thing to do. 
Whether or not a curve will allow cars to pass on it depends 
on the following: The length of the car; the width of the car; 
the amount that the ends overhang the wheel base; the dis- 
tance between the track centers; the curvature; the elevation 
of the outside rail; the length of the wheel base; and, on 
double-truck cars, the distance between trucks. Also, the 
matter of fenders should be taken into account, as a fender 
increases the effective length of the car. As the trucks on a 
double-truck car are relatively nearer the ends of the car, the 
overhang in the center must be considered. The best plan 
is to lay out on paper and to scale a plan of the proposed 
curve; then, by means of a pasteboard dummy that scales the 
dimensions of the outside lines of the car, the actual clear- 
ance at all points can be readily determined. The positions 
of the car wheels may be indicated by hocles through which 
the track can be seen, or transparent paper may be used, so 
that the dummy can be made to take the right path around 
the curve. Another point to be looked after in cutting out a 
dummy is to see that the widest part of the car is repre- 
sented. To insure some degree of safety to the heads and 
arms of passengers, the clearance on both sides of the car 
should be at least 12 inches, if they are to pass each other 
on curves. Special attention must be paid to this feature 
where the center-pole method of line construction is used. 
There are many roads on which the curve clearance is not 
over 2 or 3 inches, but in most of such cases there is a rule 
against passing on curves. 


59. Transition, or Compound, Curves.—These 
curves are formed by combining curves of different radii, so 
that the entrance of the car into the curve shall be gradual, 
and a sudden shock avoided. The curve at the point where 
it branches from the straight part of the track, or a tangent, as 
it is called, is of long radius and the radii are gradually 
decreased until the radius of the center of the curve is 
reached. Theoretically, the correct method would be to 
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make a true spiral connection between the tangent and the 
center of the curve, but this would be impracticable. Steel 
companies making a specialty of trackwork for electric 
railways, have developed standard transition curves that 
approximate a spiral sufficiently close for all practical pur- 
poses. For example, the Lorain standard curve for a radius 
at the center of the curve varying from 40 feet to 62 feet 
6 inches has an entrance radius of 432 feet. 
At one time, curves for electric railways were made up of 
arcs of different radii struck from three or five different 
centers, thus giving a rough ap- 
Curves 
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proximation to a spiral. 
as now used are made up of a 
number of radii such that the 
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length of arc of any one radius 
is not over 5 feet. This gives 
a curve that is practically as 
smooth riding as a true spiral. 
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60. Guard Rails. —Guard 
rails are rails provided with a 
protecting flange to prevent a 
ear from climbing the rail on 
a curve; they may be solid or 
built up. Girder rails are, as a 
rule, solid; T rails are built up. 
Fig. 53 shows a section of a 
girder guard rail. It resembles 
a groove rail very closely except that the lip is heavier and 
projects above the tread of the rail. There is always consider- 
able wear on the side of the groove and in time the lip and 
tread become worn, as shown by the dotted line. The T rail 
need only be provided with a regular guard where it is used 
in a paved street. In country work, the steam-road practice 
of laying a second line of T rail next to the inside-track rail is 
adopted. ‘This practice is also adopted, as a rule, on bridges, 
where the guard rail is laid beside both track rails. The 
best authorities are inclined to the belief that a guard rail on 
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the inside, or short rail, of a curve affords ample protection, 
but it is common to see a guard on both the inside and out- 
side rails of short curves. At any rate, it is not safe to rely 
on the wheel flanges alone to keep the car on the track, for 


car wheels in street-railway service, on account of the heavy 
weight attached to the axle and also on account of the nature 
of the special work that they have to jolt over at times, 
are addicted to the trouble of broken or chipped flanges. 
A wheel with such a defect in 
the flange is almost certain to 
climb the rail if that wheel is 
on the front end of the car 
as a leader. As in the case 
of an ordinary grooved rail, a 
great deal of judgment must 
be used to select a groove Reo 

that is adapted to the flanges 

of the wheels used. Fig. 54 shows two methods of attaching 
rail guards to T rails, (a) being used for high T rails and 
(6) for an ordinary rail, in this case a standard 65-pound 
A. S. C._E. section. 


61. Rail Chairs and Braces.—When a rail is not deep 
enough to accommodate the paving in a street, it can be 
raised on chairs. These are forged fittings on which the 
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rail rests and which raise it to the desired height. Fig. 55 
shows a common form of chair. 

In order to keep the track from spreading, either tie-rods 
or braces may be used. The former consist of rods 
threaded on each end; the most common form is 1% inches 
by 3 inch forged ~ inch round on the ends and threaded. 
The threaded ends pass through the webs of the rails and the 
track is held to gauge by nuts screwed up against the webs. 

The track can also be held to gauge by means of tie brace 
plates that bear against the outside of the rail. These are, 
by many, considered a very much better form of fastening 
than tie-rods because they support the head of the rail and 
do not tend to cant the rails. They are particularly useful 
for holding rails to gauge on curves. Fig. 56 shows three 
common styles of forged brace plates, the small plates 
shown in (c) being designed for T rails. 
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(PART 2) 


RAIL JOINTS 


1. No part of electric-railway track construction calls 
for greater care than the track joints; in fact the life of a 
track is in most cases limited by the life of the joints. If 
there is the slightest unevenness or looseness, the pounding 
action soon flattens the rails at the ends and matters rapidly 
go from bad to worse. Again, poor joints usually imply 
poor electrical connection between abutting rails so that in 
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electric railways, where the track is used as one side of the 
circuit, good joints are of even greater importance than on 
steam roads. Electrical contact may be made between the 
rails by means of copper bond wires or other bonding appli- 
ances, but if the joint is not good mechanically the continual 
movement and jarring will, sooner or later, impair the bond 
contacts. A great many kinds of rail joint have been 
For notice of copyright, see page tmmediately following the title page 
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devised, but it will be possible to describe here only a few 
of the more important ones. 


2. Fish-Plates or Splice Bars.—Fig. 1 shows a 
standard 12-bolt joint made with two fish-plates, splice 
bars, joint plates, or channel plates, as they are 
variously called. The plates are provided with projecting 
ribs O, O, to prevent buckling when the bolts are drawn up, 
while flanges at the top and bottom bear against the under 
side of the head and tram and the upper side of the foot, 
thus adding to the stiffness of the joint. 


3. Base-Supporting Joints.—In order to provide 
additional strength and stiffness, a number of rail joints 
have been devised 
which, in addition to 
the support furnished 
by well-fitting joint 
plates, provide addi- 
tional support under 
the foot of the rail. 
They are somewhat 
higher in first cost 
than ordinary splice bars, but they furnish a strong joint and 
are much used. 

Fig. 2 shows the continuous joint, which is made of 
rolled sections so shaped that a flange projects under the 
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rail from each side, thus adding to the stiffness and holding 
the abutting rail ends firmly in line. Fig. 3 shows the Atlas 
joint made of ribbed steel castings; in addition to the usual 
rail bolts, it has two bolts on the under side. Fig. 4 shows 
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the Weber joint; it is made of two channel plates very 
similar to those ordinarily used, while in addition a rolled 
angle is bolted on one side and projects under the foot of 
the rail. The space between the angle iron and splice bar 
is filled with a piece of well-seasoned Southern pine that 
provides a’ certain amount of elas- 
ticity and thus takes up the loose- 
ness due to wear on the bearing sur- 
faces of the channel plates caused 
by small relative movement between 
the plates and rail. 


4, Rail Expansion.—Rails are 
subjected to considerable variations 
in temperature, which cause corre- 
sponding changes in their length. 
On ordinary steam roads or on elec- 
tric roads run where there is no paving, expansion is allowed 
for byplay in the track bolts. Thus, in cold weather there 
will be a gap of perhaps ¢ to is inch between the rail ends 
while in warm weather there will be scarcely any space at all. 
Mild steel expands .0000065 of its length for each degree 
Fahrenheit increase in temperature. Assuming that the 
extreme difference in temperature that the rail is subjected 
to is 100° F., a track would be .0000065 x 100 = .00065 of its 
length longer in the hottest weather than in the coldest. 

A’ stress of 1,000 pounds per square inch will stretch a 
mild steel bar .00003 of its length. Hence, if a rail is 
stretched .00065 of its length, the stress in the rail will be 
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0068 < 1,000 = 21,666 pounds. If the rails are continuous 
.00003 


and firmly anchored so that there is no play at the joints, the 
track as a whole must expand and contract. The rails will 
expand with increase in temperature, thus causing com- 
pressive stresses; and on contracting with decrease in 
temperature, the rails will be stretched but the stresses 
so caused will not exceed 22,000 pounds per square inch 
under the conditions assumed. A safe value for the elastic 
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limit of steel is 40,000 pounds per square inch; i. e., steel 
subjected to any stress below this amount will not take a 
permanent set but will return to its original length when the 
stress is removed. If, therefore, a track is located so that 
it cannot buckle sidewise and get out of line, there is no 
objection to butting the ends of the rails together and fasten- 
ing them by means of some form of joint that allows no 
longitudinal motion whatever. In paved streets this con- 
dition is met and it is now a very common practice to use 
methods of rail joining that give a continuous rail. 

In paved streets, the rails are not subjected to such rapid 
or extreme variations of temperature as on open tracks, 
because the paving equalizes the temperature to a certain 
extent. There are a number of types of solid joint, the most 
important being the cast welded, the electrically welded, the 
thermtt, and the zzzc. The use of these is confined to paved 
streets, in cities, where the rails cannot get out of alinement 
and where the traffic is heavy enough to warrant the expense 
of such joints. For open trackwork they are not allowable, 
because provision must here be made for expansion and, 
even neglecting this, the expense of solid joints would be 
too great in most cases. 


5. Cast welded joints are made by molding cast iron 
around the abutting ends of the rails, which are first 
thoroughly cleaned for a distance of 6 or 8 inches, on each 

side of the joint, by 
means of a sand blast. 
A cast-iron mold is 
then clamped around 
the rail ends and iron 
poured in, thus form- 
_ing a joint, as shown 
in Fig. 5, where 7 is 
the cast iron molded 
around the rail ends. In order to make these joints, con- 
siderable apparatus is required—a portable cupola is needed 
for melting the iron, and there must also be a sand blast for 
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cleaning the rails. To make the joints at all reasonable in 
price, a large number must be done at atime. The weight 
of iron varies from 70 to 225 pounds, depending on the shape 
of the joint and the section of the rail. 

Fig. 6 shows one form of Falk joint; the sides of the cast- 
iron part are straight, thus making the joint much easier to 
pave around than when the sides are curved. The weight of 
iron in the joint shown in Fig. 6, which represents one of the 
heavier types, is about 170 pounds. In cast welding, the iron 
is poured at high temperature and it appears to fuse into the 
surface of the steel rail, thus forming a joint that is strong 
mechanically and of high conductivity. The conductivity of 
the joint, as compared with an equal length of rail, depends to 
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some extent on the amount of iron used. In some cases the 
joint resistance may be about 10 per cent. higher than that 
of a corresponding length of rail, while in others numerous 
tests have shown that the resistance is as low or even 
lower than that of the rail. It is claimed by some that cast 
welding anneals the ends of the rail, thus softening them and 
causing them to pound or flatten out more than the rest of 
the rail; but on a number of roads where the cast welded 
joint has been used for several years no bad effects from this 


source have been noted. 


6. Electrically Welded Joint.—The method of making 
electrically welded joints as carried out by the Lorain Steel 
Company consists in welding bars to each side of the web of 
the rail by passing a very large current through the bars and 
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rail. Quite an elaborate outfit is required for this process and, 
like cast welding, it is only applicable where a large number 
of joints are to be made. The outfit consists of four cars: 
first, a sand-blast car; second, the car carrying the welder; 
third, a car attached to the welding car and carrying the trans- 
forming apparatus for 
supplying the welder 
with current; fourth, 
a car provided with 
machinery for grind- 
ing off the rail treads 
after the joints have 
been welded; the cars 
are arranged in the 
order named. ‘The 
first car contains a sand-blast tank and a motor-driven air 
compressor for operating the blast by means of which the 
web of the rail and the surfaces of the plates are thoroughly 
cleaned before the welding action takes place. To make the 
joint, a mild-steel plate, similar to that shown in Fig. 7, is 
welded on each side of the 
web; the finished joint ap- 
pears as shown in Fig. 8. 
Each bar is welded in three 
places corresponding to the 
raised parts a, 6,c, Fig. 7. 
The bosses a, 6 at the ends 
of the bar are formed under 
a drop hammer, which forces 
the metal in on one side 
and out on the other, the 
depression in one side being 
afterwards filled with a : 
piece of metal. The boss at c, which comes opposite the 
joint between the rails, is made by placing a small strip of 
steel over the bar. The object of the bosses is to localize 
the welding current and thus confine the welding to a certain 
area; each boss has an area of about 82 square inches so 
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that the welded area on each bar is about 103 square inches, 
or 21 square inches for the two bars. After the rails have 
been cleaned, lined up carefully, and the bars wedged in 
' position, the joint is ready for welding by means of the elec- 
tric welder suspended from the front of the second car. 


7. The operation of welding will be understood from 
Fig. 9, which shows the main parts of the welder and their 
relation to the joint. The two splice bars a, a are located so 
that the center boss comes opposite the end of rail 6. The 
terminals c,d of the welding transformer e are pressed 
against the splice bars by means of levers f,g that are 
pushed apart at their upper ends by pistons working in a 
hydraulic cylinder #. Just sufficient pressure is applied to 
hold the bars in place and provide 
good contact. The secondary of the 
transformer consists of a single loop 
of very heavy conductor, so that a 
very large current at low pressure 
is delivered. The whole welding 
apparatus is suspended from a yoke & 
carried by an arm / extending from 
the front of the car and arranged so 
that the welder can be moved in any 
direction to permit an easy and rapid 
adjustment to the joint. The pri- 
mary of the transformer is supplied 
with alternating current obtained 
from a rotary converter located in 
the third car and driven by direct 
current from the trolley. Suitable regulating devices are 
provided so that the voltage applied to the welder can be 
maintained fairly constant, even though the trolley voltage 
varies considerably. 

The weld in the center of the bars is made first. In about 
93 minutes after the current is turned on, the joint is brought 
up to a welding heat; the current is then cut off and the 
pressure on the joint increased by the hydraulic cylinder h, 
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the total pressure applied being about 37 tons. After a few 
moments, the pressure is released and the welder adjusted 
to one of the end welds where the process is repeated, only 
with both end welds, the heavy pressure is maintained until 
the metal has cooled below a glowing heat; it has been found 
that this makes the weld tougher. Since the middle weld is 
made first, the bars become expanded because of the heat, 
and since the end welds are made before the middle weld has 
cooled off, the ends of the bars are fastened to the rail while 
the metal is expanded. Hence, as the bars cool, the ends of 
the rail are pulled together, thus making a very close joint. 
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Fig. 10 (a) shows a horizontal section of a completed joint; 
(4) and (c) show vertical sections, (6) being a section of the 
center weld and (c) of an end weld. 

The current supplied to the primary is transformed to a 
secondary pressure of 7 volts, approximately. The second- 
ary current used for a weld is about 25,000 amperes. The 
secondary voltage, however, drops somewhat when this large 
current is flowing so that the power actually taken from the 
line is not as great as 25,000 X 7 = 175 kilowatts. Asa gen- 
eral rule, about 125 kilowatts for 25 minutes is sufficient for 
welding an ordinary joint. On the average, about 80 joints 
can be made in 24 hours; as a continuous process, working 
day and night, it takes from 18 to 15 minutes per joint. 
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8. Numerous tests show that an electrically welded joint 
of this construction has a resistance less than that of a corre- 
sponding length of rail. Table I shows the results of some 
tests made by the General Electric Company. The rails 
were a standard 6-inch girder type, about 6.7 square inches 
in area, and splice bars similar to those just described 
were used. 

TABLE I 
RESISTANCE OF ELECTRICALLY WELDED RAIL JOINTS 


, Resistance Over Resistance Over | Per Cent. Conduc- 
Joint Teint Equal Length tivity of Joint 
Number Oh of Rail Compared With 

unr Ohms Solid Rail 

I 00001675 -0000279 166.29 

2 00001625 .00002636 162.2 

3 0000182 .00002785 156 

4 .0000168 .00002292 136.26 , 

& .00001559 .0000233 144 

6 -00001602 .0000278 WAZ; 

I -00001457 .0000238 159 

8 .0000196 .0000266 125 


The electrically welded joint is very strong, and rails 
seldom pull apart at the point of welding. Also, the head 
of the rail is not made hot enough to soften it, and the 
splice bars do not interfere with the paving. 


9. Thermit Joint.—A method of making solid rail 
joints that has recently come into use is the thermit proc- 
ess, invented by Dr. Hans Goldschmidt. It has shown 
remarkably good results and gives a joint equal to the rail 
in conductivity. Careful measurements have shown that the 
wear at the joints after a year’s service does not exceed, 
appreciably, the wear on the rail. 

Thermit is a mixture of finely divided iron oxide and 
aluminum. The metal aluminum has a great affinity for 
oxygen, and if this mixture is given a local initial heating 
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by so-called ‘ignition powder,” a very rapid chemical reac- 
tion takes place throughout the whole mixture, and a large 
amount of heat is liberated. The iron oxide gives up its 
oxygen to the aluminum and aluminum oxide is formed; at 
the same time the iron oxide is reduced to pure iron. The 
heat produced by the reaction is so intense that the mass of 
molten iron has a temperature of about 3,000° C., and if 
poured around a rail joint a perfect weld will result. 

The appliances required for making a joint by this proc- 
ess are very simple and easily moved from place to place; 
the cost per joint is practically the same whether a few or 
many are made, and in this respect the process possesses an 
advantage over cast welding and electric welding, which are 
practically out of the ques- 
tion if only a few joints 
are to be made. 


10. Fig. 11 shows a 
rail joint made with ther- 
mit, and Fig. 12 shows the 
molds that are clamped on 
either side of the rail to 
receive the melted metal. These vary in form according 
to the shape of the rail section, and are made by placing 
a sheet-iron case (4) over a model, or pattern, of the joint 


Fie. 12 


and tamping it full of a mixture of china clay and loam; 
(a) and (c) show the molds for the two sides of a rail. The 
edges of the mold are smeared with clay, so as to form a 
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tight joint, and the halves are then clamped into position, the 
ends of the rails being first carefully lined up. The thermit 
compound is placed in a cone-shaped crucible mounted on a 
tripod directly over the mold; from 15 to 20 pounds is used 
for each joint, depending on the size of the rail. The cruci- 
ble is made of an iron case lined with magnesia, and the 
bottem is formed of a hard magnesia stone provided with 
a renewable outlet that will stand from nine to ten runs. The 
hole in the outlet is stopped by a plug. Dirt on the rail 
ends is cleaned off by means of a scratch brush, and it is not 
necessary to use a sand blast. A small amount of ignition 
powder is placed on top of the thermit and lighted by means 
of a match; in a few seconds the chemical reaction is over 
and the lower part of the crucible contains a mass of liquid 
steel at very high temperature, while the slag (aluminum 
oxide or corundum) floats on top. The crucible is then 
tapped by knocking the plug in the bottom upwards and the 
steel runs into the mold in a 32-inch stream. The weight 
of steel obtained from the reaction is one-half the weight of 
the thermit mixture. The mold is made so that the metai 
strikes the under part of the rail first and works its way up 
to the top, thus carrying up any dirt or slag that may 
be present. The steel is so extremely hot that it alloys 
instantly with the ends of the rail and substances, such 
as manganese or silicon, are generally incorporated in 
the thermit mixture, so that the steel has approximately the 
same composition as the rail. After a few seconds, the 
metal becomes solid and the molds may be removed. 


11. Zine Joint.—This joint, Fig. 13, is used on a large 
scale in Philadelphia, and is the invention of Messrs. C. B. 
Voynow and H. B. Nichols. The channel plates a, a are simi- 
lar in their general shape to those used for the continuous rail © 
joint, Fig. 2, except that there is a space left around the foot 
of the rail and between the upper flanges of the channel 
plates and the under side of the tram and head of the rail. 
The rail ends and plates are cleaned with a sand blast, after 
which the latter are bolted in position by two temporary 
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bolts and the holes reamed to a uniform size of 1s'z inches 
by means of a portable pneumatic reamer. The plates are 
then fastened by twelve l-inch steel rivets driven by a 
pneumatic riveter. The riveting process expands the rivets 
so that the holes are filled tightly. Clamps are then put in 
position to hold asbestos cloth pads that cover the bottom 
and ends of the plate; the spaces between the head and 
tram and plates are calked temporarily with asbestos cloth. 
The whole joint is then heated by means of portable fuel-oil 
burners until the temperature is raised to 300° or 400° F., 
after which molten zinc is poured through a 1-inch hole 
located in the center of the foot of the plate; space 4 is 


Head Side 
Fie. 13 
thus filled with zinc. Dams made of castings padded with 
asbestos cloth are then arranged around the top of the rail, 
and spaces c,d also filled with zinc. This makes a very 
rigid joint, which allows none of the slight rubbing action 
that occurs in all bolted fish-plate joints and which sooner 
or later loosens them. Since the iron surfaces are first 
thoroughly heated, the zine attaches itself to the clean iron 
surfaces, which become galvanized, thus forming a very good 
electrical contact. Tests have shown that the resistance, 
after 2 years of continuous use under heavy traffic, is less than 
that of an equal length of rail. From 22% to 26 pounds of 
zinc is required for a joint similar to that shown in Fig. 13. 
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Outside of the cost of the zinc and the labor of preparing 
the joint and pouring the metal, the cost of this joint is little 
more than that of an ordinary one with bolted channel plates. 
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12. Combination Joints.—Where a rail of one section 
is to be joined to another of different section, a combina- 
tion joint is used; these can be made by using either 
special splice bars or by means of a section of special rail in 
the form of a steel casting. Fig. 14 shows four combination 
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joints where T rails are joined to girder rails; the special 
splice bars may be forged or made of cast steel. 

Fig. 15 shows three forms of combination rail of cast 
steel. These can be obtained in any desired length and are 
joined to the other rails by means of standard joints. This 


makes a much better and more substantial construction in 
every way than the joints shown in Fig. 14, and combination 
rails are now used in preference to the older construction 
in the best grades of trackwork. 


RAIL BONDS 


13. When tracks are not surrounded by paving or when 
any of the various types of solid joint are not considered 
practicable on account of cost, the ordinary fish-plates must 
be supplemented by connections, or rail bonds, that will 
carry the current from rail torail. The fish-plates cannot be 
depended on to carry the current, because they soon become 
loose or rusty and offer a high resistance. A great many 
styles of rail bond are in use so that it will be possible to 
describe here only a few typical examples. No matter what 
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type is used, it must always be remembered that if a joint is 
mechanically poor, the continual movement and pounding 
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will sooner or later decrease the efficiency of the bond. It 
is highly important therefore that the joints be kept in good 
condition. 
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If a track is poorly bonded, there will be a continual loss 
of power due to the resistance at the joints. Low voltage 
caused by this excessive loss will have its effect on the car 
equipments, because in order to maintain the schedules the 
motors will have to be forced and the current per car will be 
increased. In some cases it may not be possible to main- 
tain the schedules, thus causing a loss of business. Also, if 
the return circuit is poor, current will come back through 
neighboring pipes, and trouble on account of electrolysis 
will result, as described later. 


14. Rail bonds may, for convenience, be divided into two 
general classes—pvotected and unprotected. Protected bonds 
are so called because they are placed in the space between 
the channel plate and rail, as shown in Fig. 16 (a); unpro- 
tected bonds either span the fish-plate, as shown in (4), or 
are fastened to the under side of the rail, as in (c), in case 
there is nothing to interfere with the bond projecting on the 
under side. 


15. Bonds of the protected type are used in cases where 
there is sufficient space for them between the fish-plate and 
rail, but with T rails the space is often not large enough. 
They may be made considerably shorter than the unprotected 
type and they do not offer much inducement to copper 
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thieves; on the other hand, short bonds less than 6 inches 
in length are liable to give trouble from breakage. The 
bonds shown in Fig. 16 (a) and (6) are of the General 
Electric type, made by casting copper terminals on a 
stranded copper conductor. The copper is cast around 
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an iron plug of the form shown in Fig. 17 (a), and after 
the terminal has been fitted in the web of the rail the 
plug is compressed to the form shown in (4), thus for- 
cing the metal out against the wall of the hole, as indicated 
by the arrows, and providing a very firm contact between 
the terminal and rail. The bond, Fig. 16 (c), is made of 
thin copper strips soldered together at the ends so as to 
form solid terminals, which are attached to the rail by solder- 
ing. It has been found in some cases that soldered bonds 
deteriorate when they are in contact with damp earth. 


16. Fig. 18 shows a protected bond of the double-loop 
type shaped so as to give flexibility and at the same time 
allow openings for the track bolts. It is made of thin copper 
strips on which copper terminals have been cast. After the 
terminals a, 6 have been passed through the holes in the rail, 
they are compressed by a special screw compressor that 
forces the metal out sidewise. 

Fig. 19 shows the construction of an all-wire ratl bond that 
is made up of copper cable cut to length; the ends are then 
cold pressed as shown, and afterwards brought to a welding 
heat and forged to their final shape. 

Fig. 20 shows the method of attaching crown bonds. A 
steel pin is driven into a hole in the terminal lug, thus 
expanding the metal. 


17. Solid Copper Protected Bonds.—Very satisfac- 
tory results in rail bonding have been obtained by using 
solid plates pressed firmly against the rail web, the contact 
surfaces being first thoroughly cleaned and coated with 
copper-mercury amalgam of about the consistency of putty, 
which adheres to the surfaces and makes a connection of 
very low resistance. Fig. 21 shows an Ldzson-Brown solid 
bond; a copper plate a, about 3 in. X lyin. X Fin. (the exact 
dimensions vary with the style of rail to be bonded) is held 
tightly against the rail when the fish-plates are bolted up. 
Plate a has two depressions and two corresponding bosses 
on the opposite side, that form the contact surfaces; the 
plate is covered by a thin steel sheet 4 against which a 
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spring washer ¢ bears. The rail is first brightened by means 
of an emery wheel and the contact surfaces then amalga- 
mated and covered with a thin layer of the alloy. The plate 
is surrounded by a cork d, treated with linseed oil, which, 
when compressed by the fish- 
plate, forms a seal around the bond 
that remains tight even when the 
fish-plate is loosened considerably. 
Joints made with amalgam have, 
after several years of operation, 
been taken apart and the contact 
surfaces found to be as bright as 
when first installed. 

The Ajax solid copper-plate 
bond, Fig. 22, consists of a piece of copper a protected by a 
steel sheet 4 against which bear cup-pointed setscrews c, c 
tapped into plate d. ‘The contact surfaces on the rail are 
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first ground off and both rail and bond treated with Edison- 
Brown amalgam. 


18. Plastic Bond.—Where the fish-plates or channel 
plates are of large cross-section they can be made to serve as 
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a bond by providing good contact between the plates and rail. 
Fig. 23 shows an amalgam bond for this class of work; the 
plastic amalgam a is held in a cork case, which is compressed, 


when the fish-plates are bolted together, thus bringing the 
amalgam into intimate contact with the rail and plate surfaces, 
which have previously been ground off and amalgamated; the 
path of the current through 
the joint is indicated in (4). 
In all of these amalga- 
mated bonds a slight move- 
ment between bond and rail 
does not impair the con- 
tact; in fact the amalgam 
acts, to a certain extent, as 
a lubricant. 

Fig. 24 shows a method 
of bonding T rails with 
plastic plug bonds. The fish-plates provide the connection 
between the abutting rails, and electrical contact is made by 
means of copper plugs a, 4, T-shaped in section, that are well 
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amalgamated and also dip into amalgam placed in the hole. 
The plugs are afterwards locked in place by burring over with 
a hammer and blunt chisel. The lower part of the plug is 
considerably smaller than the hole, so that a certain amount 
of relative movement between the angle plate and rail 
can take place with variations in temperature. 


19. Wire Bond With Amalgamated Contacts. 
Fig. 25 shows three styles of bond, devised by Mr. W. E. 
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Harrington, that use ordinary 0000 copper wire for making 
connection from rail to rail. The wires a,a are held in con- 
tact with the rails by being clamped between two plates 6,¢ 
provided with grooves to receive the wires. The contact 
surface on the web is ground off and covered with plastic 
amalgam, and an amalgamated cast copper plate is placed 
against the web of the rail; after the grooves in the casting 
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and the ends of the wire have been well covered with alloy, 
a cast-iron plate is placed on top and the whole drawn up 
tightly by a 1-inch bolt provided with a spring lock washer. 
Bonds of this type are easily applied; the contacts do not 
deteriorate, and tests have shown that the resistance across 
the joint is no greater than that of a corresponding length 
of rail, provided the bonds are properly proportioned with 
regard to the rail section. 


20. Resistance of Bonds.—In making track joints, the 
aim should be to keep the electrical resistance at least as 
low as the resistance of a corresponding length of rail. It 
is not difficult to do this with a new joint, but the constant 
jarring and slight movements to which the bonds are sub- 
jected will often cause a great increase in resistance. Poor 
connections from rail to rail are just as detrimental as poor 
joints in the overhead feeders and much more attention is 
now paid to efficient rail bonding than formerly. 


21. A No. 0000 B. & S. wire has a cross-section of .1662 
square inch which, assuming the resistance of steel as 
10 times that of copper, is equivalent to 1.662 square inches 
of steel. A bond 1 foot long connecting two 60-pound rails 


(6 square inches cross-section) will have a resistance equal 
to that of ae = 38.61 feet of rail, neglecting resistance at 
the bond contacts. The total resistance of a joint is the 
resistance of the bond in parallel with the resistance that 
the joint would have without any bond. The channel plates 
or fish-plates provide some conductivity, but it is very 
uncertain owing to the variable nature of the contacts 
between plates and rail. If the work is done carefully, the 
resistance as measured across the fish-plates and bond, say 
3 feet of rail, can be kept as low as the resistance of 3 feet 
of solid rail. It is necessary, of course, to proportion the 
bonding according to the weight of the rail; for example, a 
90-pound rail should be bonded heavier than a 60-pound, 
either by using a heavier bond connection or, preferably, by 
providing two or more bonds at each joint. 
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22, Table II shows the lengths of rail that are equal in 
resistance to bonds of various sizes 1 foot long. Thus, if a 
70-pound rail is bonded witk two No. 0000 bonds, each 1 foot 
long, the resistance of the bonds is equal to that of 2.11 feet 
of rail, assuming that the resistance between bonds and rail 
is negligible and that steel has a resistance 10 times that 
of copper. 


23. The cost of bonds for a given piece of track is such 
a small item, compared with the total cost, that it pays to 
be liberal when installing them. Table III shows the 
resistance of a number of types of bond as measured by 
Mr. W. E. Harrington. These tests show that it is 
advisable to use amalgam on bond contacts even with those 
types of bond that were originally designed for use without 
amalgam. 


24. Cross-Bonding.—It is necessary to cross-bond the 
rails at certain intervals so that a break in one or more 
joints may not seriously impair the conductivity of the return 
circuit. For example, consider a single-track road where the 
two rails are bonded throughout but not connected to each 
other. Ifa break occurs at a given joint, the portion beyond 
the joint is of no use in aiding as a return for the current 
and an additional load is thrown on the other rail. If, how- 
ever, the rails are cross-connected at intervals, the current 
can flow around the break and only a small section of the 
rail is cut out. On double-track roads all four rails should 
be connected together. Cross-bonding, with No. 0000 cop- 
per, should be provided at least every 500 feet; tinned wire 
is very commonly used for this purpose. For similar rea- 
sons, the current should be carried around all switches, frogs, 
and special work by means of heavy bond wires (250,000- 
or 500,000-circular-mil cable). Joints in special work are 
liable to work loose because of the pounding, and it pays 
to take extra precautions in the bonding at all such points 
on the road. 


25. Return Feeders.—It is usually necessary to con- 
nect the track to the negative bus-bar in the power house by 
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means of a number of return feeders; these are very often 
attached to the rails by bond connections similar to regular 
rail bonds. 

Fig. 26 shows a return feeder attached by means of a cast- 
iron terminal and’ plastic bond; terminal a holds the cork 
case against the web, forming a receptacle into which are 
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placed the end of the wire and some of the plastic alloy. 
The cable end and the spot on the rail are also amalgamated 
and the casting is bolted to the rail by a ?-inch bolt that is 
afterwards riveted over to prevent loosening. Similar ter- 
minals are used for loops around special work. Fig. 27 
shows an electrically welded or brazed feeder cable connec- 
tion; a copper block a about 4 inches square and 13 inches 
thick is provided with a groove 
on one face to take the cable 
when the block is placed against 
the rail, as shown. A steel 
plate 4 is placed over the block, 
and the cable and blocks brazed 
to the rail by means of the elec- 
tric welder. Hard spelter is 
used, and by this means a 500,000-circular-mil cable can be 
attached to the rail so that the carrying capacity at the con- 
tact is fully as good as that of the cable. 

At one time, it was customary to run a ground conductor 
parallel to the rails and tap it to them at frequent intervals 
in order to improve the conductivity of the return circuit. If 
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the rails are properly bonded so as to take full advantage of 
their conductivity there is no need of such an auxiliary wire 
and its use has been practically abandoned; the money may 
be used to better advantage in improving the rail bonding. 


BOND TESTING 


26. No matter how well a track may be bonded, tests 
should be made frequently to see that the bonds are in good 
condition. This is especially necessary around railroad 
crossings, special work, or wherever low joints are noticed. 
It is not necessary to measure the actual resistance of each 
joint; comparative readings are all that is required. Fora 
given class of bonding, the resistance of a joint in good con- 
dition as compared with a certain length of rail is known, 
and it is only necessary to measure the resistance of the 
joint in terms of rail length; any joints showing an abnor- 
mally high resistance can then be investigated. Usually 
3 feet of rail is taken as the standard and the resistance, 
measured between two points 18 inches on either side of the 
joint, is compared with that of 3 feet of rail. For example, 
the bonding may be such that a joint in good condition has 
a resistance perhaps slightly over that of 3 feet of rail, and if 
a test showed that the resistance were over twice that of the 
standard rail length, the bonding would be considered poor. 


27. Drop-of-Potential Test.—The simplest method of 
testing for poor bonds is by measuring the drop across the 
joint by means of a millivoltmeter and comparing this 
with the drop across 8 feet of rail. Fig. 28 shows a method 
of doing this very rapidly and accurately by means of a test 
car especially fitted up for the purpose. A wooden beam a 
is suspended underneath the rear car platform so that it 
will be a few inches above the rail. A spring is arranged to 
press down on the beam and means are also provided for 
raising it when not in use. To the under side of the beam 
are attached two stiff copper brushes 4, 4’; these are made of 
several leaves of sheet copper and are set on a slant, as 
shown, so that they will slide easily along the rail and make 


a= 
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a good running contact. They should have at least 1 square 
inch contact surface with the rail; high-contact resistance 
will have a marked effect on the accuracy of the millivolt- 
meter readings. A resistance c is carried on the car so that 
a large steady current can be made to flow through the 
track; resistance wire wound on a frame and submerged in 
a barrel of water is capable of carrying a large current and 
furnishes a resistance that is fairly constant. 

In making bond tests, it is best to pass sufficient current 
through the joints to give good readable deflections on the 
millivoltmeter and the current used to propel the test car, or 
that taken by other cars on the line, is not usually large 
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enough or steady enough for the purpose. The current 
flows from the trolley, through the resistance and ammeter 
to the truck and rails, and thence back through the track to 
the power house. The brushes @, ’ are placed 3 feet apart, 
and as the car moves slowly over the track the brushes span 
the joints in succession. A millivoltmeter is connected to 
the brushes, and when the brushes are as shown in Fig. 28 
it indicates the drop across the joint. When the brushes are 
not on a joint, the voltmeter reading is the drop across 
3 feet of solid rail. Since the current in the rail is the same 
as that in the joint, the voltmeter readings are proportional 
to the resistances of 3 feet of rail and 8 feet including the 
joint. The car can also be fitted with another set of brushes 
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over the other rail, this set being connected to a second volt- 
meter; tests of the bonds on both sides of the track can 
thus be made at the same time. The rheostat is adjusted so 
that a normal joint will give a good readable deflection and 
the car is then run slowly over the line, any joints that give 
abnormally high readings can thus be quickly located, marked 
by ejecting whitewash on the track, and afterwards examined. 
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The test should preferably be carried out at some time 
when traffic is light so as not to interfere with the regular 
operation of the cars. 


28. Conaut Bond Tester.—The method of testing 
devised by Mr. R. W. Conant, while it is not as rapid as 
the one just described, is very useful where a moderate 
number of joints are to be gone over. Fig. 29 shows the 
method of using the instrument. A T-shaped pole is provided 
with three hardened-steel knife-edge contacts a, 6,c, and 
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when the pole is placed on the rail as shown, contacts 4, ¢ 
span the rail joint and a, 4 span 3 feet of solid rail, plate p 
being placed over the joint. The pole is made of tough 
wood that has considerable spring to it and when the two end 
contacts rest on the 
rail, the center con- 
tact is 1 or 2 inches 
above the rail and 
is pressed down by 
placing a foot on the 
pole, as shown; this 
forces the end con- 
tacts out sidewise 
slightly and the hard- 
ened chisel-like con- 


Sa aq —_— 


rae) tacts Cul through any 
scale or dirt that may 
be on the rail, thus 
making a good connection. In order to make sure that the 
contact is good, the center pole,can be moved back and 
forth, as indicated by the dotted lines; the contacts must be 
sharpened occasionally by means of a small oilstone. 
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29.. The operation of the instrument will be understood 
from Fig. 80, where a, 6, c represent the three contacts on 
the rail; d is a resistance to which the central contact can be 
connected at various points by means of a multipoint switch s. 
In series with the middle wire is included a telephone 
receiver e and an interrupter f consisting of a clockwork 
mechanism that drives a toothed contact wheel on which 
presses a small contact spring. The instrument works on 
the principle of a Wheatstone bridge and is operated by 
current obtained from the rail. 

Assume that the rail current is represented by the heavy 
arrow; it will be the same in the section of rail a@é and in 
the joint éc¢ and will fluctuate according to the number of 
cars in operation beyond the joint. Resistance d being 
shunted across the rail and joint, part of the current will 
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flow as shown by the small arrows. If the rail section ab 
is equal in resistance to the joint 4c and if switch s is so 
placed that resistance gh is equal 1o 4%, there will be no 
current in the middle wire and no sound in the telephone 
because points # and 4 will be at the same potential. If 
the joint has a greater resistance than the rail section, a 
balance can be obtained by moving the switch to the left, 
thus virtually shifting point # along the resistance until the 
drops through the two resistance sections become equal to 
the drops through the corresponding rail sections. It is 
hardly possible to obtain such an exact balance that there 
will be no sound whatever in the telephone, but the point 
where the sound is a minimum can be quickly located. The 
interrupter is used to make a clicking sound in the telephone; 
fluctuations in the railway current would not in themselves 
be regular enough to give an easily detected sound. 

The contacts ‘of switch s are numbered so as to read off 
the resistance of the joint in terms of 3-foot length of rail. 
Thus, if a balance is obtained with the switch on point 1 it 
indicates that the joint has a resistance equal to 8 feet of 
rail. Ifa balance is obtained on 1.5, the joint resistance is 
equal to 1.5 X 3 or 4.5 feet of rail; if a balance is obtained 
on 2, the joint resistance is equal to 6 feet of rail. Readings 
from 1 to 2 are considered as indicating good bonding; 
readings on points 8 or 4 indicate poor bonding; all readings 
above 4 indicate bad bonding. Forany given class of bond- 
ing, the point at which the switch should give a balance for 
a good joint is known, and bad joints can be easily located. 
Good bonding will never have a resistance greater than 
twice the same length of rail, and in the better class of work 
it will not exceed 1 to 1.5 times an equal length of rail; in 
fact, if proper care is taken there is no reason why the joint 
resistance should not be less than that of a 3-foot rail length, 
particularly if solid rail joints are used. 


30. Table IV shows the results of some tests on different 
bonds made by the method shown in Fig. 28.* They were 


* W. E. Harrington, Journal of the Franklin Institute, Vol. CLVII. 
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made in September, 1903, so that the bonds had been in use 
for periods ranging from 2 to 7 years. 


31. Testing Resistance of Track-Return Circuit. 
After a road has been in operation some time, it is often 
found that the drop on certain sections is larger than it 
should be and the question naturally arises as to whether 
the track return is at fault or whether more copper is 
required in the overhead feeders. To find this out, it is 
necessary to know the comparative resistances of the two; 
if the track resistance is high compared with that of the 
overhead line, additional return feeders should be run and 
vice versa. 

Fig. 31 shows one method of measuring the resistance of 
a railway circuit; AF is the feeder running out to the sec- 
tion under consideration and RR the rail return. A time 


Fr 


Fail Return 
Ss ee ee 


Fie. 31 


is selected at night, when traffic can be kept off the section 
for a short time, and a water rheostat W is connected in 
series with the feeder / and the regular feeder ammeter 4. 
The feeding-in point x is connected to the track as shown 
at xy, and a steady current sent through the circuit 
G + -W-A-c-F-F-x-y-R-G—. The drop through the 
entire feeder and rail circuit is measured by a voltmeter V 
connected to c and 4. From the readings of A and V, the 
total resistance of the feeder and rail circuit is at once deter- 
mined. The resistance of the feeder // can be calculated 
from its known length and cross-section, and its resistance 
subtracted from the total resistance of the circuit will give 
the resistance of the track return. 
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The above method of finding the resistance of the track 
return assumes that there are no bad joints or unusually 
poor conductivity in any part of the feeder //, but such is 
not always the case. If the trolley wire runs back to the 
power house or if there is another feeder near by that can be 
used as a pressure wire, the drops in the feeder and track 
can be measured separately and an accurate idea gained 
as to just how the drop is distributed. For example, if 
the upper voltmeter terminal is connected to the end a of the 
trolley wire instead of to c, the reading obtained will be 
the drop through the track alone, because the voltmeter takes 
such a small current that there will be practically no drop 
through 7x. If one terminal of the voltmeter is connected 
to c and the other to a, the reading obtained will be the drop 
in the feeder //. ‘This method is the one to be preferred, 
because it at once gives an accurate comparison between the 
loss in the overhead work and the loss in the track and 
shows what part of the system requires attention in order 
to bring about better working conditions. 


TRACK CONSTRUCTION 


GENERAL FEATURES 


82. The kind of track construction to be used for a 
given road will depend largely on where the road is located, 
and the allowable cost. If the soil has a very poor bottom, 
the subwork of the roadbed must be much more substantial 
than where the soil is firm or where there is a rock bottom. 
Again, in some places provision must be made for draining 
the roadbed. 


33. Ties.—The woods most commonly used for ties 
are white oak, red oak, cedar, chestnut, yellow pine, hem- 
lock, and spruce; oak is used more than any of the others. 
Ties for a standard gauge (4 feet 83 inches) road are usually 
_6 in. X 8 in. x 8 ft. and are spaced from 2 to 23 feet between 
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centers. In some classes of trackwork in paved streets, 
where the tracks are largely supported by concrete, the 
spacing of the ties may be much wider than that required 
for an open track; in fact, in certain classes of construction, 
ties are dispensed with altogether, the rails being held to 
gauge by means of tie-rods spaced about 10 feet apart. 

The life of a tie depends much on climatic conditions and 
the material in which it is bedded. Under ordinary condi- 
tions, sound oak, cedar, or chestnut ties should last from 
8 to 10 years, while pine, hemlock, and spruce will last 
from 4 to 6 years. Ties, when completely covered, deterio- 
rate much more rapidly than when partly exposed; when 
they are raised on stone ballast, the drainage is much 
more perfect than when buried in earth, and the life is 
much longer. 


34. Arrangement of Joints.—In placing the rails, 
opinion is divided as to how the joints should be disposed; 
some engineers prefer putting the joints opposite each other, 
while others advocate staggering them, i. e., making the 
joint in one rail come in line with the center of the opposite 
rail. It has been the general custom in America to stagger 
the joints, but the use of opposite joints is now becoming 
more common, as many engineers are strongly of the opinion 
that they are much to be preferred to staggered joints. When 
staggered joints are in bad condition, the car acquires a dis- 
agreeable side-rolling motion very much like that due to a 
sprung axle. The car is thrown from one side of the track 
to the other and the part of the rail opposite a joint becomes 
worn unevenly, thus making the side motion still worse, 
with the result that the track is thrown out of alinement. 
With opposite joints, the worst that can happen is an up- 
and-down motion, which will jolt the car, but will not cause 
the severe side thrusts that are always found with defect- 
ive staggered joints. 

85. Methods of Installing Electric Roadbeds.—On 


interurban electric roads, steam construction can be followed 
closely. It frequently happens, however, that electric roads 
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are run in streets that, if not already paved, will be at some 
future time, and hence the conditions are somewhat changed. 
The methods of building electric roads differ so radically 
that it can be truly said that the only elements of construc- 
tion in common to all electric roads are the earth and the 
rails. Some roads have wooden cross-ties, some metal, and 
others have no cross-ties at all. One road must build an 
expensive substructure for its roadbed and another, on 
account of natural conditions, may have to lay scarcely 
any roadbed. There can be no better way of bringing out 
these several points in construction than to take examples 
of roads on which they occur. 


TYPICAL ROADBEDS 


_INTERURBAN ROADS 


386. The permanent character of the track as a whole 
depends greatly on the character of the roadbed; if, after 
the substructure is laid, the roadbed gives or swerves in 
places, everything that rests on it gives and swerves also, so 
that in course of time the surface of the track becomes undu- 
lating and serpentine in outline. Electric interurban roads, 
as far as possible, 
now follow steam- 
road practice in their 
roadbed and track- 
work, and for out- 
aoe of-town work they 


. could not do better. 
Fig. 82 shows a standard steam-road construction; other 


examples of track construction for cross-country roads have 
already been shown in connection with line work. The 
same care and exactness that are observed in steam-road 
construction should be observed in electric railroading, where 
the train speeds are often almost as high and other con- 
ditions just as severe. 
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CITY ROADS 


387. Fig. 33 shows a cross-section of a substantial road- 
bed in the State of New York. The figure shows a single 
track only, although the road is double track. A trench 23 
inches deep is opened up 18 feet wide and is well rolled and 
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filled to a depth of 8 inches with 2-inch broken stone, soft 
spots in the rolled surface being dug out and also filled with 
stone or other solid material. The stone is rolled until it is 
firm at a depth of 8 inches. On this ballast are laid the ties. 
Guile alate <7 f-.6 in... 
a little less than 2 feet be- 
iWeeneCENLeLS  CxCeptlat 
the joints, which are sup- 
ported by three ties about 
15 inches between cen- 
ters; 60-foot rails are then 
laid on the ties, ends but- 
ted and joints staggered; 
before jointing, the ends 
of the rails and the joint 
plates are well cleaned 
to take the bonds. The 
rails are then coupled, the 
plates bolted tight, brace plates installed every 3 or 4 feet, 
ties lined up and spiked to the rail. The track is then lined 
and surfaced and the space between the ties filled with broken 
stone, well tamped to the top of the tie. The rail is then finally 
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lined, the joints secured, and the broken stone or concrete 
brought up to the paving. 


38. Fig. 34 is ati example of a roadbed construction on a 
weak subsoil. A trench 36 inches deep and the width of the 
tracks is dug and, as shown by the figure, it is filled to 
a depth of 29 inches with successive layers of 12 inches 
of hard earth and rock well beaten down; 10 inches of 
earth, pebbles, clay, sand, and rocks, well tamped; 7 inches 
of new concrete; and 6” x 8” x 8’ hard pine ties, pre- 
viously boiled in asphalt, are laid on the concrete to take 
80-pound T rails. 


39. Fig. 35 shows the construction used by the Twin 
City Rapid Transit Company, operating in St. Paul and 
Minneapolis, for tracks with stone, brick, or asphalt pave- 
ment. The rails rest on longitudinal concrete beams tied 
together by a bed of concrete. Cast welded joints 16 inches 
long and weighing 190 pounds are used. ‘The cast joint is 
especially shaped so as to interfere as little as possible with 
the paving. The rails are 8-inch shanghai T type, weigh 
79 pounds per yard, and are in 60-foot lengths. 


40. Fig. 36 shows a construction used for double-track 
work with stone pavement in Pittsburg. The rail is 90-pound 
girder in 60-foot lengths. The foundation is of broken stone, 
and drainage is provided by 83-inch drain tiles placed between 
the tracks, as shown. The gauge of the track is, in this 
case, 6 inches wider than standard, being 5 feet 2% inches. 


41. Fig. 87 shows a very heavy track construction with 
concrete, used in Philadelphia. The track is supported on 
cast-iron chairs provided with screws for adjusting and 
holding the track to gauge. The chairs are spaced 5 feet 
apart and are bedded in concrete, as shown; a solid sheet of 
concrete 44 inches thick, together with tie-rods at regular 
intervals, prevent any spreading of the concrete stringers on 
which the rails are carried. 


42, Fig. 38 shows a section of track construction in 
Detroit that combines the concrete-beam feature and the steel 
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cross-tie (3-inch angle bars) used more as a tie-rod for keeping 
the rails to gauge than as a solid resting place for the rails. 
The concrete-beam work ordinarily goes to a depth of only 
6 inches, but in soft spots it may be as deep as 2 feet. 
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43. Fig.39 shows aconstruction adopted in New Orleans 
where the subsoil is very soft and yielding. Several of the 
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long lines in the city are built on neutral ground between 
two driveways, so that they are not subjected to the wear 


and tear of wagon traffic. This location of the track admits 
of the use of a T rail as shown in Fig. 39. The first step is 
to dig two trenches, one for each track, about 2 feet deep 
and 10 feet wide. On the bottoms of the leveled trenches 
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are laid lengthwise 14-inch yellow-pine boards; these act as 
the foundation for a layer of 12-inch broken stone, on which 
the 6” x 8” xX 8 creosoted yellow-pine ties rest, 2 feet 
between centers. The space between the ties is filled partly 

» with broken stone and partly with gravel that goes to the top 
of the ties. On top of the gravel is put a layer of soil in 
which grass is sown, so that a few months after the work is 
done the whole neutral ground is grass-grown—a feature 
that almost does away entirely with the clouds of dust ordi- 
narily raised by a car in course of rapid transit. The plank 
construction on the bottom of the roadbed prevents the tend- 
ency of the track to sink into the soil and cause undulations 
in the surface line of the rail. 


44, Use of Plank to Secure Even Pavement. —In 
some classes of track construction, where there is very little 
space between the upper surface of the ties and the under 
side of the pavement in which to place a solid foundation for 
the pavement, an uneven road surface is almost sure to result 
because of settlement between the ties. The roadbed should 
be designed so that the pavement will have an even and 
secure foundation, but in cases where this is not possible it 
has been found advantageous to lay the pavement on rough 
hemlock planks that have been placed on the ties; a thin 
bedding of sand is placed beneath the pavement. The 
planking affords an even support but, like the ties, it has 
to be renewed in course of time. 


THIRD-RAIL ROADS 


45. Form of Third Rail.—In practically all the third- 
rail roads so far installed, the conductor rail has been of the 
ordinary T section. Other sections have been proposed, one 
of which, suggested by Mr. W. B. Potter, is shown in Fig. 40. 
It is not necessary to have the same degree of stiffness ina 
conductor rail that is required in a track rail, and the plain 
rectangular section shown in Fig. 40 was designed with the 
idea of making the rail as easy to roll as possible; also, to 
provide a simple means of clamping the rails at joints without 
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drilling holes through them. A rail of this section weighs 
about 98 pounds per yard. So far, however, special shapes 
have not been introduced to any extent, as the standard T sec- 
tions are more easily obtained. 


46. Location of Third Rail.—The third rail may be 
located on either side of the track, as may be most conve- 
nient; on double-track roads, the two third rails are usually 
placed between the tracks. At different points on a road, it 
may be found advisable to change the location of the rail from 
one side to the other, but as both sides of the cars are equipped 
with collecting shoes, this makes no difference so far as the 
collection of current is concerned. The relation of the third 
rail to the track rails varies on different roads and is deter- 
mined largely by the clearance that 
must be allowed for locomotives or 
rolling stock that may be run over 
the road. Where steam locomotives 
are run over a third-rail road, the con- 
ductor rail must be located so as 


not to interfere with the locomotive 


(Wa, ar | 
hse; see hil 


Fie. 40 Fie. 41 


Caugeline 


cylinders, which usually project farther than any other part. 
Fig. 41 shows the location reeommended by a committee of 
the Master Car Builders’ Association. The center of the 
third rail is 2 feet 3 inches from the gauge line of the nearer 
track rail and the tread of the third rail is 3} inches above 
that of the track rail. The size of the third rail for a given 
road is determined, to a certain extent, by the amount of 
current required for the cars. Weights less than 60 pounds 
per yard are seldom used, unless the traffic is light, and 
very often the rail is of the same weight as the track rails; 
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60-foot rails are desirable because of the decreased number 
of joints. 


47. Protection of Third Rail.—On many roads, the 
third rail is not protected in any way, but there is a growing 
demand for protection of some kind that 
will make it difficult for accidental contact 
to be established between the third rail and 
ground or track rails. Also, protection is 
desirable to prevent the accumulation of 
ice or snow on the rail. Fig. 42 shows a 
simple method of protection as used on 
a number of elevated roads. Planks are 
run parallel to the rail and project about 2 inches above the 
head; anything accidentally dropped across the rail is pre- 
vented from making contact by the projecting planks. This 
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method does not protect the rail from snow or sleet, nor does 
it afford as great a measure of safety as the plan shown in 
Figs. 43 and 44, which represents a protected third rail used 
by the General Electric Company. 
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Fig. 43 shows the general arrangement of the third rail 
and collecting shoe with reference to the motor truck, and 
Fig. 44 shows the details. The conductor rail a is supported 
on reconstructed granite insulators 6 and is covered by a 
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channel iron c fastened to brackets d that rest on ties pro- 
jecting about 18 inches beyond the regular ties. The shoe e 
is in the form of a flat plate hinged at f and held in contact 
with the rail by the spring 2; flexible cable #4 connects the 
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shoe to the main trunk wire running to the controlling appa- 
ratus. A projecting wooden guard & prevents accidental 
contact with the parts of the shoe. With this construction, 
it is almost impossible for any one to step on the third rail 
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or for pieces of metal to drop across it and the track rails, 
thereby causing a short circuit. 


48. A modification of the method just described is 
shown in Fig. 45, which represents the method of rail pro- 
tection used on the Wilkes-Barre and Hazleton road; a very 
similar method is used on the New York subway, and in both 
cases the style of shoe shown in Fig. 44 is employed. The 
guard consists of a 2-inch pine plank a fastened to 2 x 4” 
oak posts 4, as shown. The posts are supported from the 
foot of the rail by clamping them by means of a special 
bolt c and a bearing casting d, formed to fit the foot of the 
rail. The construction as 
a whole is much cheaper 
than that shown in Fig. 43 
and affords equally good 
protection. Fig. 46 shows 
the arrangement of the 
third-rail guard used on 
the New York subway. 


49. Arrangement of 
Third Rail at Highway 
Crossings.—Where a 
third-rail road crosses a 
public highway, it is neces- 
sary to break the contact 
rail and make connection 
by means of a cable carried 
across either overhead or underground. ‘The connection is 
nearly always made by means of underground cable, which 
is much shorter than an overhead one could possibly be. 
Fig. 47 shows a typical crossing. The contact rail a is pro- 
vided with cast-steel, inclined, approach blocks 4, 6 that allow 
the shoes to glide on to the rails without shock. Atc,a cable 
is attached to the rail and is carried underground to d, where 
it connects to the rail again, thus preserving the continuity 
of the conducting system; the cable should have a cross- 
section equivalent, in carrying capacity, to that of the rail; 
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1,000,000-circular-mil, lead-covered, paper-insulated cable is 
often used for this purpose. 

Various methods are used for running the cable; one very 
common plan is to incase it in tile and fill the tile, at the 
ends, with insulating compound that will prevent water from 
entering. The cable must be thoroughly insulated from the 
ground, otherwise there will be leakage and consequent 
electrolytic action that will eat away the cable in course of 
time. Fig. 48 shows a method used on a third-rail road in 
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Michigan, where the cable is carried through a heavy porce- 
lain insulator set in a cast-iron pipe. The strands of the 
cable are soldered into a terminal casting and after the lower 
part of the insulator has been plugged with oakum the space 
is filled with insulating compound that prevents moisture 
from entering the paper insulation of the cable, which, in 
this case, has a lead sheath covered with jute treated with 
asphalt. A brass cap is bolted to the cable terminal and 
from it two 300,000-circular-mil flexible bonds connect to the 
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rail. The cable is bedded in screened sand after it leaves 


(a) 


the pipe; with this 
construction there is 
little danger of elec- 
trolytic action on the 
cable sheath. 


50. Third-Rail 
Insulators.—The 
third rail should be 
thoroughly insulated 
from the track rails 
and ground by being 
mounted on suitable 
insulators that are 
strong mechanically 
and allow the con- 
ductor rail freedom 
for expansion and 
contraction. They 
have, in many cases, 
been made of spe- 
cially treated wood 
provided with an iron 
cap for the rail to rest 
on, but in the best 
construction special 
insulating material, 
such as reconstructed 
granite, is used. 
Fig. 49 shows three 
common types of in- 
sulator in which the 
insulating material 
is of reconstructed 
granite. In (a) and 


(6), the rail rests on an iron cap and is prevented from 
moving sidewise by means of lugs; in (c), the rail rests on 


§ 38 LINE AND TRACK 49 


the granite block and is restrained sidewise by special cast- 
ings held by a bolt passing through the molded granite. 
All fastenings should allow a certain amount of up-and-down 
play; the weight of the rail is amply sufficient to hold it in 
place, and if it is too tightly fastened undue strains will be 
thrown on the insulators. Insulators are usually placed on 
every fifth tie, which is made about 2 feet longer than 
the others. 


51. Third-Rail Leakage.—Tests have shown that the 
current leakage per mile of third rail is very small if proper 
precautions are taken; very often the leakage from a poorly 
insulated underground cable at a road crossing will amount 
to more than that from several miles of third rail. Tests by 
Mr. R. P. Leavitt,* on the Albany and Hudson road, on a 
section of third rail entirely disconnected from all cables at 
crossings, showed a leakage varying from .057 ampere per 
mile, after a rain lasting 20 hours, to .023 ampere per mile 
in hard freezing weather with light snow on track. Tests 
made on the whole road, including cables at crossings, 
showed an average leakage of about .5 ampere per mile and 
investigation showed that the greater part of the leakage 
was due to defective insulation of crossing cables. The 
insulators were of specially prepared wood with an iron cap. 


52. Sleet Cutters for Third Rail.—Where the head 
of the third rail is not protected from rain or snow, as, for 
example, with the ordinary unprotected rail or with the 
arrangement shown in Fig. 42, considerable trouble is caused 
by the accumulation of snow and ice. A rain followed by 
freezing forms a thin film of ice on the rail, which is very 
difficult to remove and is a non-conductor of electricity. 
When third-rail roads were first operated on a large scale, 
numerous tie-ups resulted from this cause, but experience 
has shown that the sleet can be removed by suitable appli- 
ances. In some cases, brine is sprinkled on the third rail 
from a tank carried on a car, but a better method is to use 


*Street Railway Journal, Vol. XXI, No. 16. 
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some form of sleet cutter. Fig. 50 shows the sleet-cutting 
device used on the Manhattan Elevated Railway, New York. 
It is fastened to an extension of the beam that supports the 
collecting shoe so that the cutter, or scraper, is directly in 
advance of the shoe. The cuter consists of a number of 
steel plates a cast into a block 4, the plates being set at an 
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angle so that they will slide over any slight projections at 
the rail joints. The cutter is pressed against the rail by a 
flat spring c, and a cam d operated by lever e is arranged to 
hold the shoe up when it is not in use. By moving lever e 
to one side, the shoe can be lowered by the motorman or 
it can be operated by a tripping device controlled from a 
central point. 


53. Fig. 51 shows a style of contact shoe and sleet 
brush used on the Brooklyn elevated road. The shoe ais of 
the ordinary link type and is suspended from a steel casting 4, 
which also forms one of the terminals for the shoe fuse c. 
The other terminal @ of the fuse is insulated from casting 3, 
and to it is attached the cable e leading to the controlling 
devices. The sleet cutter consists of a stiff brush f made of 
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steel ribbon § inch wide, No. 23 B. & S. thick, set in a hard 
maple block. The brush is insulated from its guide bar and 
is pressed against the rail by spring ¢ with a pressure of 
about 75 pounds. When not in use, the brushes are raised 
from the rail and held up by throwing handle A. 
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On third-rail roads four shoes are placed on each car, 
one on each side of each truck, so that the car will always 
be supplied with current no matter on which side of the 
track the third rail may be placed. 


CONDUIT ROADS 


54. Fig. 52 shows a conduit construction, used in New 
York, that may be taken as typical of this class of roads. 
The rails are supported on heavy cast-iron yokes a spaced 
5 feet apart; every third yoke is provided with handholes, as 
shown, and carries the insulators 6 to which the conductor 
rails c,c are fastened. The conductor rails are thus supported 
at intervals of 15 feet. Fig. 53 is a larger section of one of 
the handhole yokes, showing the method of supporting the 
conductor rail. The conduit between yokes is made of con- 
crete filled in around a sheet-iron form that is afterwards 
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removed. Each manhole is connected to the sewer by a 
6-inch pipe and the outgoing and return feeders supplying 
different sections of the conductor rails are run in terra-cotta 
ducts d, d, Fig. 52. To facilitate the installation of new 
feeders or the repair of old ones, manholes are provided 


every 400 feet. 


55. Mud accumulates in the main conduit very fast, and 


if not promptly removed gives trouble. The main conduit 


must be cleaned about once a month in the summer time, and 


perhaps oftener than Rie 
this during the winter. 
By means of special 
scrapers, the mud is 
drawn into the manhole 
and then lifted out and s 
carted away. y 

The conductor rails | 
are not continuous, but 3% 
are divided into sections iL 
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its own feeder from the 
power house. There is | 
no electrical connection 
between these feeders, < 
so that the road is cut up WIR 
into insulated sections, e ae 
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and trouble on one sec- 
tion is not so liable to interfere with the traffic on the others. 


Each feeder has its own switch and circuit-breaker, and in 
case a ground occurs on one section the circuit-breaker on 
that section flies out and the attendant in charge at the power 
house can tell exactly on what stretch of track the trouble is. 
Splitting the road into sections supplied by individual feeders 
also has the advantage that in case of a block on the road, 
the simultaneous efforts of all the motormen to start their 
cars will not cause heavy overloads in the power house, 
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because the switchboard attendant has every section of the 
road under his control and can compel the cars to start up, 
one section at a time. 

It is necessary that the yokes be well designed to resist 
the pressure of the earth (which is packed down by the heavy 
traffic) and the very heavy pressure in cold climates, due to 
the freezing of the soil, with its accompanying expansion. 
Wrought iron, steel, and cast iron have been used for this 
purpose, the latter, perhaps, being the most common. When 
yokes of light weight are put in, trouble is often occasioned 
by breakage. The conduit may be lined with steel plates or 
it may be constructed on the sides of concrete alone; in some 
cases the metal yokes have been replaced by concrete, but 
the best practice is to use heavy castings ranging in weight 
from 200 to 400 pounds or more, according to the depth of 
the conduit and the character of the wagon traffic expected. 


SURFACE-CONTACT ROADS 


56. As very few of these roads have been put into actual 
operation, the description here given will be confined to the 
system of the Lorain Steel Company, as successfully oper- 
ated at Wolverhampton, England. The general principles 
of this system have already been described, and as the track 
rails and roadbed are installed in the same way as for an 
overhead system, it will only be necessary to explain the 
construction of the contact switches and the method of col- 
lecting current from them. Fig. 54 shows longitudinal and 
transverse sections of the contact switches placed between 
the rails, and Fig. 55 shows the relation of one of the mag- 
nets on the car, to the parts of the switch. The switch 
contacts, Fig. 54, are contained in a water-tight vulcabes- 
ton case a and take the form of carbon disks, 6 being 
fixed and c movable. The lower contact ¢ is attached to 
an iron plate or armature d that is 47 inches long, 2 inches 
wide, and 7s inch thick, and connected to the terminal clips f 
through a folded copper strip e that serves as a flexible 
connection and also guides the armature when it is drawn 
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upwards by the magnets on the car. The feeder cable con- 
nects to the fixed clip g, so that when case a is in place, 
contact ¢ connects to feed-wire #. The cover consists of 
four parts, %, 7, m, and »; parts & and / are of cast iron and 
m and 2 of hard manganese steel, which is practically non- 
magnetic. Piece z takes the wear of the collecting shoe and 
is renewable, being held in place by lead run in around it. 
The switch contact case is fastened to plate m, so that by 
removing the cover the whole case can be disconnected 
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from the feed-wire. The cover is bolted to a strong block 
ss of reconstructed granite and the feed-wire passes up 
through a cast-iron sleeve ¢ that fits into a Y casting x; 
¢# and w are filled with insulating compound. Space w is 
filled with a heavy insulating oil that prevents moisture 
from accumulating around the live terminal ¢ and thus 
avoids surface leakage. The contact studs are placed 
10 feet apart. 


57. The operation of the system will be understood 
from Fig. 55, where 17 J/ represents one of the magnets; the 
parts of the switch are lettered to correspond with Fig. 54. 
Six magnets are suspended under the car, extending over a 
space of 16 feet and, since the studs are only 10 feet apart, 
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the forward switch is operated before the back one is 
dropped and arcing at the switch contacts is avoided. The 
pieces of manganese steel m,2 between the side blocks &, / 
are practically non-magnetic; hence, when a magnet is over 
a switch, as in Fig. 55, the lines of force take the path indi- 
cated by the arrows and pass through the light armature d, 
which is drawn up, thus bringing the carbon contacts 
together. As soon as the magnets move from the stud, 
armature d@ drops; and since the contacts are of carbon there 
is very little danger of their sticking. The collecting shoe 
consists of a flat copper strip p about 12 feet long bent up 
at each end and fastened to a piece of heavy rubber hose 7, 
which provides pressure between the shoe and the studs and 
at the same time permits considerable flexibility. The shoe 
is long enough to bridge across two contact studs, thus pro- 
viding a continuous collection of current. The magnets are 
compound wound. When the car is at rest, the shunt wind- 
ing keeps the contact switches closed, so that the car can be 
started; the series winding provides excitation in case the 
voltage becomes too low for the shunt winding to operate 
the switches; it also holds the switches more firmly in con- 
tact as the current taken by the car increases. An eight- 
cell storage battery is provided on each car so that the 
series winding can be excited when the car is started for the 
first time or in case the power is shut off the line temporarily. 


LINE CALCULATIONS 


ECONOMICAL USE OF FEEDERS 


1. There is no problem involving as little prospect of 
ever having general rules laid down to cover all cases and 
all conditions as the problem of calculating the most econom- 
ical amount of copper to install and the best method of dis- 
posing that copper to meet the requirements of a given 
street-railway service. It is true that the present practice 
of dividing the line into insulated sections has, to a certain 
extent, simplified the work of calculation, because each sec- 
tion can be considered as an independent line governed by 
its own local conditions of load. If these conditions of load 
could in any case be laid down with certainty, the problem 
for any particular case would be solved; but once solved for 
that case, the solution would be of little use to the engi- 
neer for application to other cases, because it is almost 
impossible to find any two roads or even any two sections 
of the same road that call for the same conditions of load, 
and therefore for the same distribution of copper. During 
one part of the day the heaviest load might be on one part 
of the line and later in the day it might be on a section sev- 
eral miles away. Again, there may take place gradually a 
general shifting of the load more serious than a daily or 
weekly shift, due, possibly, to changes of attractions from 
one end of the line to the other, by a shift in the field of 
suburban improvements. Though overhead work may be 
installed under a design that meets satisfactorily almost every 
requirement of the present service, subsequent changes, such 
as the development of suburban property, may throw the sys- 
tem completely out of balance. The only thing to do then is 
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to go over the work again and put copper where it is needed. 
But it is now a well-known fact that in promiscuously put- 
ting up copper, although it may be placed with good judg- 
ment from an electrical point of view and successfully 
fulfil its mission of raising the voltage to its normal value at 
the desired point, it can be put at a net loss to the com- 
pany. Copper is expensive, and in the effort to lessen the loss 
in the line, it is an easy matter to get so much copper strung 
that a condition arises where the money invested in copper 
might be more profitably invested in other ways, as, for 
example, in the installation of boosters or storage batteries. 


2. The conditions that confront the engineer, then, when 
he proposes to improve the service by stringing more feed- 
ers are as follows: By thus raising the voltage, a certain 
amount of energy is saved by reducing the line loss, and the 
saving in watts or horsepower can be approximately calcu- 
lated. By knowing what it costs to produce a unit of energy 
at the power house, the direct saving effected by the increase 
of copper can be at once obtained, and by knowing the cost 
of the additional copper installed, including the cost of con- 
struction, the interest on the cost of the copper may be com- 
puted. The rule that it pays to install more copper to raise 
the voltage, if the cost of the watts saved in a year exceeds 
a year’s interest on the cost of the additional copper put up, 
is one that should always be kept in mind. It must not 
be forgotten, however, that the above limiting condition 
expressed in the form of an equation (interest on the cost 
= value of energy saved) does not include all the elements 
that modify the equation. When the feeding system is 
improved, it brings about a saving in a direct way; it makes 
the loss in the line less, and effects a savingin an indirect 
way that is just as important; for, by keeping up the voltage 
and thereby increasing the efficiency and speed at which the 
cars run, it not only decreases the number of cars necessary 
to conform to the conditions of a certain time table, but by 
improving the service it attracts travel, especially in cases 
where there is acompeting road. Even in cases where there 
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is no competing road, an improvement in the service draws 
travel. Calling Q the interest on the cost, W the value of 
the energy saved, and S the money returned per:year as a 
result of the raising of the E. M. F. by the additional copper, 
the modified equation will read (the present one reads 
Q=W)Q=S+W. This equation is more in favor of the 
added copper and conforms more to the true state of affairs. 


EXAMPLES OF FEEDER CALCULATION 


3. In the transmission of current for electric railways, as 
in other cases of electric transmission, the loss or drop in the 
line is usually limited. If the loss is large, a comparatively 
high-resistance line with a corresponding small amount of 
copper can be used, but a large line drop means a low voltage 
at the cars unless the voltage at the station is automatically 
increased as the load increases. Low line voltage makes it 
hard for the cars to maintain their schedule and always gives 
rise to trouble with the motors, to say nothing of the actual 
cost of the power wasted in the line. It is seldom that the 
average drop is less than 10 per cent. (50 volts), and in a 
great many cases it runs much higher than this; if feeding is 
accomplished through boosters, the line drop may be as 
great as 200 volts. These figures are for the average drop, 
and the maximum drop may at certain instants be as high as 
three or four times the average if the load is of a very 
fluctuating character. 


4, The weight of the rail is fixed by traffic considera- 
tions, so that an approximate estimate of what the drop in 
the return circuit will be can be formed at the outset. The 
balance of the drop will then give that allowed for the 
feeders, and they should be designed to conform to this as 
nearly as possible. Feeders designed under this condition 
seldom fail to fulfil the requirements of the average drop. 
There is a great difference between the maximum and aver- 
age loads in the stations, and the smaller the station, the 
greater is the difference liable to be. For this reason, the 
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average drop and maximum drop may be widely different. 
Take a case where the road operates only two or three cars 
and the load fluctuates between zero and the maximum 
several times in a minute. Before the size can be assigned 
to the feeders, the average load that each feeder has to 
look after must be approximately known or ascertained. 
In doing this, it is very convenient to divide the line into 
sections, assign to each section the load that probably will 
be on it, and proportion the feeders accordingly. 


5. When the size, number, weight of cars, speed, type of 
equipment, etc. are known, the average current required 
for any given section of the road can be determined approxi- 
mately, as described in a previous section and, knowing 
the current and allowable drop, the size of the feeders can 
be calculated. For purposes of illustration in the following 
examples, a current of 25 amperes per car is taken. This 
is a fair average for a 24-foot body car. Of course the cur- 
rent taken at starting is very much greater than this, buv 
on the other hand when the car is standing still it is taking 
no current at all, so that 25 amperes may be safely taken. 
Also, in all examples, the trolley wire is No. 00 and its cross- 
section is taken as 133,000 circular mils, this being close 
enough for line calculations; its resistance per mil-foot is 
also taken the same as that of ordinary soft copper. This is 
not strictly accurate, because the resistance of hard-drawn 
copper is slightly higher than that of annealed copper, but it 
simplifies the calculations to consider them the same, and 
since the other quantities used in the calculations are neces- 
sarily approximate, there is no advantage in considering the 
slight difference in the conductivities of the two kinds of 
copper. Single track laid with 80-pound rail is assumed in 
all cases; the resistance per mile of track (two rails in par- 
allel) will therefore be .028 ohm, assuming that the resistance 
across joints is no greater than that of an equal length of 
solid rail. In order to make some allowance for imperfect 
joints we will add 25 per cent. and take the resistance per 
mile of track as .085 ohm, 
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ROAD FED FROM ONE END 

6. Fig. 1 shows the layout of a road 5 miles long. The 
system is fed from a power station at one end of the line 
and operates ten cars using on’ an average 25 amperes each, 
making a total of 250 amperes. It is specified that the total 
load concentrated at the end of the line shall not produce an 
average drop of over 100 volts. If the trolley wire is No. 00, 
what must be the size of the feeder B A? 


B feeder 7 A 


Grolley Wire *00 
5iiles=26400° 
Fie. 1 


The road is single track, so that the resistance of the 
5 miles will be .035 & 5 = .175 ohm, which resistance, carry- 
ing a current of 250 amperes, will cause a drop of 250 & .175 
= 43.75 volts, leaving a drop of 100 — 48.75 = 56.25 volts 
in the trolley wire and feeder. If it is assumed that the 
conductivity of the copper in the trolley wire is the same as 
that in the feed-wire, we may use the formula 

circular mils = Wee! (1) 
where Z = length of wire, in feet, through which the cur- 
rent / is delivered; 
7 = current supplied; 
eé = drop in volts. 

The number of circular mils given by this formula will 
be the combined cross-section of the trolley and feeder, 
because these two wires are tied together in parallel 
throughout their length. In this case, Z = 26,400 feet, 
TZ = 250 amperes, e = 56.25 volts; hence, 

rad rtrd meee 20 UN 29 P1267, 200 
56.25 

The trolley wire is No. 00, has an area of cross-section of 
133,000 circular mils, and, deducting this from the total cross- 
section as calculated, leaves 1,267,200 — 133,000 = 1,134,200 
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circular mils as the cross-section required in the feeder; two 
500,000-circular-mil cables could be used and the system 
worked with a drop slightly larger than that calculated. 


JT. It should be noted that in working this example a fair 
value for the track resistance was assumed and the drop in 
the track circuit estimated. This was subtracted from the 
total drop, thus giving the value e used in formula 1. 
Formula 1 does not, therefore, in itself take the track resist- 
ance into account. It was found that a very large feeder 
was needed to meet the requirements, which in this case 
were severe, because the drop was not to exceed 100 volts 
when all the cars were bunched at the end of the line. In 
most cases the cars would be moving along over different 
sections of the line, and thus lessen the drop on the system, 
because some of the cars would be comparatively near the 
station. At the same time, conditions arise where the cars 
may all be bunched at the end. In this case, therefore, it 
would be well to raise the voltage to 600 at full load at 
the station, either by using a heavily overcompounded gen- 
erator, or by means of a booster. 


POWER HOUSE IN MIDDLE OF LINE 
8. If the power house were situated at the middle of the 
line, the amount of copper required would be very much 
less, as will be easily seen by referring to Fig. 2. The 
limiting condition is the same as before; that is, the drop 


Fie. 2 


from S to 4A or B must not exceed 100 volts when all the 
cars are concentrated at either 4 or &. If the cars are 
bunched at either 4 or 2, 250 amperes must be transmitted 
through 25 miles of track and feeder. Taking the track 
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resistance as .085 ohm per mile, the resistance of 24 miles 
of track will be .035 xX 2.5 = .0875 ohm. The drop in 
the track part of the circuit will, therefore, be .0875 x 250 
= 21.875 volts. This leaves a drop of 100 — 21.875 = 78.125 
volts in the feeder and trolley wire. The length of feeder 
and trolley wire is 22 miles; hence, by applying formula 1, 
the combined cross-section of the two is 

10.8 X 18,200 x 250 

(oc125 


The trolley wire supplies 133,000 circular mils of this 
cross-section; hence, the cross-section of feeder required 
is 456,190 — 133,000 = 323,190. Placing the power house 
near the middle of the line results in a very large reduction 
in the amount of copper required, and a single 300,000-circu- 
lar-mil cable would supply the current with as little drop as 
two 500,000-circular-mil cables in the first example. 


circular mils = = 456,190 


EFFECT OF DISTRIBUTED LOAD 

9. So far the feeder problems have been worked out on 
the assumption that the load was bunched at one end. ‘This 
is a condition that sometimes arises in practice, but it can 
hardly be looked on as the ordinary operating condition. 
In most cases, a number of cars are spaced at fairly regular 
intervals along the line, each car moving at an approximately 
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A Line feeding 6 unifortily spaced cars 


Fic. 3 


uniform rate with the result that current is taken off at a 
number of points that are continually shifting. The load is 
nearly uniformly distributed and there is a. gradual falling off 
in current from the station to the end of the line. For 
example, suppose that 4 &, Fig. 3, represents a stretch of 
line that supplies six uniformly spaced cars moving at a 


186—I4 
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uniform speed and taking 25 amperes per car. On account 
of the uniform movement and even spacing, the current will 
decrease gradually from 150 amperes at the station to zero 
at the end B. We may represent the falling off in the cur- 
rent by the line CB. The drop between 4 and 4 will, there- 
fore, be found by multiplying the average current in 4 B by 
the resistance. The average current is evidently one-half 
the station current, or 75 amperes; hence, if the resistance 
of AB is, say, + ohm, the drop between 4 and B will be 
837.5 volts. If the whole load is bunched at BZ, the current 
will be 150 amperes throughout the whole length, as repre- 
sented by the line CD, and the average current throughout 
the length will be the same as the current at the station; 
hence, the drop will be 150 X = = 75 volts. Hence, for a 
given line wire and a given amount of current transmitted, the 
drop with a uniformly distributed load is one-half that with 
a concentrated end load. In other words, if calculations are 
made relating to a distributed load and the whole length of 
line is considered in the calculations, the current must be 
taken as one-half the actual current supplied to all the cars, 
because it falls off from the station, or feeding point, to the 
end of the line. 

Another and perhaps a better way of considering a dis- 
tributed load is to look on it as if the whole load were con- 
centrated at the middle of the line and work out the problem 
as if the whole current were transmitted over half the line. 


10. Example of Calculations for Distributed Load. 
Taking the road shown in Fig. 1, find what size of feeder 
will be required when the load is distributed and the average 
drop to the end of the line limited to, say, 50 volts. 

There are ten cars, each taking 25 amperes and uniformly 
spaced; the whole load of 250 amperes may be considered as 
concentrated at the middle of the line, or that an average 
current of 125 amperes is transmitted over the whole line. 
In order to be definite, we will work the problem as if 
250 amperes had to be transmitted through 23 miles of 
feeder and 23 miles of track with a drop of 50 volts. The 
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track resistance is .035 ohm per mile and the resistance of 
22 miles of track is .0875 ohm; the drop in the track is 
0875 250 "= 21.875 volts. This leaves 50 — 21.875 
= 28.125 volts drop for the feeder and trolley. Then the 
combined cross-section of the feeder and trolley will be 
PUES aor et 1207 BOO eThie eo: 
bined cross-section is the same as that necessary to supply 
an end load with a drop of 100 volts. In other words, with 
the same amount of line copper, a uniformly distributed load 
will produce only one-half the drop that a bunched end load 
will cause, or if the drop is kept the same in both cases, the 
amount of copper required for the distributed load will be 
only one-half that called for by the concentrated load. 

The method of working out the case shown in Fig. 2, for 
a distributed load, will be the same as the above except that 
the current supplied on each side of the station will be only 
125 amperes, because the load is uniformly distributed and 
one-half the cars will be on each side. Also, this 125 
amperes will be considered as concentrated at the middle of 
the 13,200 feet. This will require much less copper than 
when the load is concentrated at either end. In the above, it 
must not be forgotten that while the load is considered as 
bunched at the middle of the line, the feeder runs the whole 
length, as indicated in the figures. 


circular mils = 


CALCULATIONS FOR A LOOP LINE 

11. Fig. 4 represents a so-called loop line that runs 
down one street and comes up at the next street parallel to 
it. It is a modified form of the belt line that is supposed 
to encircle the business part of the city, but it differs from 
a belt line in that, since the parallel lines are in neighboring 
parallel streets, the power house can, without great sacrifice 
of economy, be placed to one side of the area enclosed by 
the system, instead of being placed within this area. 

In Fig. 4, 4C is the street that the cars go up, DB the 
street on which they return. The area enclosed by the two 
tracks is very long in comparison to its width, but the width 
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between the streets is exaggerated in Fig. 4 in order to 
make the arrangement clearer. The track is represented by 
the parallel dotted lines, and the two trolley wires are tied 
together at intervals. Two feeders, represented by the 
heavy lines, are connected to the trolley wires at points JZ, mz, 
and the trolley wire is divided into two sections by means of 
section insulators x, x’, each feeding-in point being at the 
middle of a section. Since the two sections are independent 
and each is supplied by its own feeder, it will be sufficient 
to calculate one of the feeders; the other will be the same, 
because the road is symmetrical. Since the cars are uniformly 
distributed, the load on each section may be considered as 


] Line Breaker | 
SES sean ae oe = 
6600/7 OO00/7 —_ 060077 CCO0 77: 
Fic. 4 


concentrated at the middle of that section, that is, where the 
feeders are attached. The drop from the station to the feed- 
ing-in points 7, # must: not exceed 50 volts, and a total of 
ten cars is operated, each taking 25 amperes. The number 
of cars on each of the two sections will, therefore, be five, 
and each feeder will have to supply 125 amperes. Since the 
trolley wire is fed from the middle point of each section 
and there are no feeders on the end of the section, there 
will always be more or less drop in the trolley wire itself, 
but this will not be very great because there will not be 
more than two cars on any trolley section, and if the drop to 
the feeding-in points is limited to 50 volts the service will 
be satisfactory. The length of a section is 2} miles, or 
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13,200 feet; a half section is 6,600 feet. The resistance 
through which the drop of 50 volts is to take place is that of 
four lines of single rail well bonded together, each line being 
2> miles long. However, the load is uniformly distributed 
and the total current of 125 amperes can be considered as 
flowing through 14 miles of double track. The resistance of 


1 mile of single track is .085 ohm and of double track 035, 
+ mi : 0385 —, 5 
hence, 14 miles of double track has a resistance of eon ~< i 


= .0219 ohm. The drop in the rail return is .0219 « 125 
= 2.74 volts, and the allowable drop in the feeders 50 
— 2.74 = 47.26 volts. So far as the feeders are concerned, 
the load is not distributed because they each connect to the 
trolley wire only at the end, and 125 amperes is carried 
over the whole length of the feeder. The length of the 
10.8 < 6,600 « 125 


feeder is 6,600 feet; hence, circular mils = ,—— 
47.26 


= 188,530, approximately. 

No. 000 B. & S. is too small (167,805 circular mils) and 
No. 0000 (211,600 circular mils) is larger than the calculated 
size; however, it would be advisable to use No. 0000 and thus 
allow for a future increase in load. ‘The drop in the feeder 
can be calculated from formula I transposed to read 


ee ee) 
circular mils 


which for a No. 0000 feeder (211,600 circular mils), gives 
_ 10.8 x 6,600 x 125 
x 211,600 


12. In the layout shown in Fig. 4, the trolley wires are 
not fed on the ends, and if the five cars on one-half of the 
road became bunched at the end of a trolley section the drop 
would be considerable. Under these conditions, 125 amperes 
would be carried 6,600 feet by two No. 00 wires in paraliel and 
the drop in the trolley wire would be, from formula 2, 
age 10.8 x 6,600 x 125 _ 33.5 volts 

2 x 133,000 


= 42.1 volts, nearly 
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13. In Fig. 4, suppose that two feeders f,/’, indicated 
by the dotted lines, are connected, one to each section, 
directly from the power house. In practice, it will cost but 
little to do this, because these feeders are very short and, as 
shown by the following, the effect on the voltage is beneficial. 
Consider one of the sections, ‘say, section 7; it is fed by 
the regular feeder previously calculated, and, in addition, 
the feeder f runs out directly from the power house and is 
tapped on the trolley wire at the line breaker. We will find 
what the drop would be under the most unfavorable condi- 
tions, that is, with the five cars on the section bunched 
at 4. The whole current, 125 amperes, will have to return 
to the station through 2% miles of double track. In the 
overhead work there will be 14 miles of feed-wire, and in 
parallel with this will be the two trolley wires extending 
back to the station, because the connection of the feeder / 
places the trolley wires in parallel with the regular feeder. 
Up to the point /, therefore, the feeder and the two trolley 
wires, in parallel, carry the current; beyond /, to the end of 
the line, the current is carried by the two trolley wires alone. 
It will be assumed that No. 0000 wire is used for the feeder. 

The resistance of 23 miles of double track will be “ x ° 
= .0438 ohm, approximately. The drop in the track will, there- 
fore, be 0438 & 125 = 5.475 volts, or say, 5.5 volts. From / 
to A, the drop in the two trolley wires will be 33.5 volts. 
From the station to point 7, there is a No. 0000 feeder in 
parallel with two No. 00 trolley wires; hence, the total cross- 
section of copper is 211,600 + 2 x 133,000 = 477,600 cir- 
cular mils. The drop from the station to point / is therefore 
rae 10.8 >< 6,600 <'125 

477,600 

The total drop from station to cars is the sum of the 
drops in the different portions of the circuit, or 5.5 + 33.5 
+ 18.7 = 57.7 volts. 

If feeders f, f/ were not provided, the drop with five cars 
bunched at 4 would be 5.5 + 38.5 + 42.1 = 81.1 volts. 
Adding feeders /, f’, therefore, effects a reduction of 23.4 


= 18.7 volts, nearly. 
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volts in the drop under the most unfavorable conditions. 
If the load were concentrated at the power-station end of 
the section, there would be little or no resistance in the 
circuit, save that of the tap wire and the ground-connec- 
tion wire, so that it is safe to say that the loss caused by 
a current of 125 amperes would not at this point be more 
than 5 volts. The power-house taps, as well as the line 
feeder, should be provided with feeder switches, so that the 
current can be cut off at any section desired. 


Lire Breaker 
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SMALL ROAD WITH RETURN FEEDERS 


14. To illustrate the calculations for a road where the 
power house is not situated alongside the track and where 
return feeders must be run, the following example will be 


’ 


taken: 


ExAMPLE.—Fig. 5 shows the layout of a single-track road operating 
nine cars, which are spaced fairly evenly along a line divided into two 
sections by means of a line breaker. The sections are provided with 
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No. 000 mains, fed by two feeders 7 and 2 running from the power 
station. Return feeders, represented by the dotted lines, are run along- 
side the outgoing feeders and the drop under average conditions is 
to be limited to 50 volts. Each car takes an average current of 
25 amperes, the track is laid with 80-pound rails, and the trolley 
wire is No. 00. 


SoLuTION.—Since the cars are equally spaced and constantly shift- 
ing in position, the drop will vary somewhat, depending on the 
position of the cars. In order to make things definite, we will assume 
that the cars are located as shown by the crosses. This will represent 
a fair average condition, and the drop for other positions will not be 
greatly different unless the cars become bunched. If the feeders are 
designed so that the drop from the power house to cars a and & will 
not exceed 50 volts, it is evident that the drop to the other cars will 
fall under the prescribed 50 volts, because cars a and & are the most 
distant from the station. A single track laid with 80-lb. rails has a 
resistance of .0053 ohm per 1,000 ft., assuming the joints to be perfect; 
in order to allow for imperfect joints we will take the resistance 
per 1,000 ft. as .0065 ohm. The conductivity of the copper in the 
trolley wire may be taken the same as that in the distributing mains 
and feeders, and it will be sufficiently accurate to take the cross-section 
of the No. 00 trolley wire as 133,000 cir. mils and the No. 000 mains 
167,800 cir. mils. First take section 4A and determine the size of 
feeder 7. 

Section A.—The road operates nine cars and is 18,000 ft. in length; 
hence, there will be one car for every 2,000 ft. Section A will have 
three cars and the current supplied by feeder Z will be 75 amperes. 
The sizes of trolley wire and distributing main are fixed so that the 
drop in these and in the track must first be determined; the remainder 
will then be the allowable drop in the outgoing and return feeders. 
The ground-return feeder taps in at the center of each section so that 
for the upper half of section 4 there will be 25 amperes flowing back 
from & through 2,000 ft. of track and 50 amperes back from # through 
1,000 ft. of track. The drop through the stretch of track £m will 
therefore be 25 < .0065 x 2+ 50 x .0065 X 1 = .65 volt. The wire 
has a cross-section of 133,000 cir. mils, is 2,000 ft. long, and carries 
10.8 X 2,000 X 25 

133,000 

From ™ to h, the trolley wire is in parallel with a No. 000 main; hence, 
the total copper cross-section is 133,000 + 167,800 = 300,800 cir. mils; the 
eS NL) 300 00 = 1.79 volts. 
The total drop between mm and & and in the track-return circuit will 
be .65 + 4.06 + 1.79 = 6.50 volts, thus leaving 50 — 6.50 = 43.5 volts 
for the drop in the outgoing and return feeders. 


25 amperes; hence, drope = 


= 4.06 volts. 


current is 50 amperes, and drop e = 
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The current in feeders 7 is 75 amperes, and the total length (out- 
going and return) 12,000 feet; hence, circular mils of feeders for section 
ee 10.8 X 12,000 x 75 

43.5 
B. & S. wire (211,600 cir. mils) or a 300,000-cir.-mil cable can be used 
for these feeders, the latter being preferable. 

Section &.—The drop in the track from a to d will be 25 & .0065 X 2 
+ 50 X .0065 X 2+ 75 X .0065 X 2 = 1.95 volts. In the overhead work, 
the drop between a and 6 in the trolley wire will be the same as from 
& to # in section 4; i. e., 4.06 volts. The drop between 6 and c will be 
twice that between # and m in section A because the current and sizes 
of wires are the same but the distance is twice as long; hence, the drop 
from 6 to ¢ is 1.79 X 2 = 3.58 volts. Card will cause no drop in the 
track or overhead work because its current is taken directly from the 
feeder. The drop between ¢ and d will be that due to 75 amperes 
through 2,000 ft. of combined trolley and main; hence, drop 

_ 10.8 X 2,000 X 75 

i 300,800 
aand y is therefore 1.95 + 4.06 + 3.58 + 5.4 = 14.99, or say, 15 volts, 
leaving 50 — 15 = 35 volts for the drop in the outgoing and return 
feeders. The current in feeders ? will be that due to six cars, or 150 
amperes, and the total length of feed-wire is 8,000 ft.; hence, circular 
10.8 < 8,000 150 

35 
= 370 286. For these feeders 350,000-cir.-mil cable will be suitable. 


= 223,450, approximately. Either No. 0000 


= 5.4 volts, nearly. The total drop between 


mils of outgoing and return feeders for section B = 


CARRYING CAPACITY OF FEEDERS 

15. In making these calculations, no attention was paid 
to the carrying capacity of the wires and cables. Of course, 
this point must be kept in mind, because if the lines are sim- 
ply figured out on the basis of giving the allowable drop, 
it might happen that the current would overheat the wires. 
Table I, due to Mr. H. W. Fisher, gives the approximate 
amount of current that wires may be allowed to carry with- 
out causing the temperature to increase much over 25° F. 
above that of the surrounding air. 

In most cases, however, it will be found that the size of 
wire needed to keep the drop within the specified limits 
will be considerably larger than that necessary to carry the 
current without overheating. Only in cases where the dis- 
tances are short is there likelihood of the wire not being 
large enough. It is always well, however, to compare the 
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TABLE I 
CURRENT-CARRYING CAPACITY OF FEEDERS 
Carrying Carrying . 
cee tee x cee ron 
Bes. ae f ee er B. & S. ea | perature of 
Gauge : 25° F., Approx-|| Gauge 25° F., Approx- 
imately imately 
Amperes Amperes 
500,000 509 2 66,370 124 
& @ | 400,000 426 3 52,630 107 
E 2 | 350,000 388 4 41,740 gI 
#2 | 300,000 355 5 | 33,100 74 
250,000 319 6 26,250 63 
0000 | 211,600 275 y, 20,820 52 
000 | 167,800 ARG) 8 16,510 44 
00 133,100 195 9 13,090 36 
oO 105,500 168 Io 10,380 30 
I 83,690 143 


sizes obtained and the current that the wires must carry with 
the values given in the table. If the wires should prove to 
be too small, the only thing to do is to use a wire that will 
carry the current safely or else run the risk of the wire over- 
heating. If the larger wire is used, it will result in a some- 
what smaller drop, but this will be an advantage, although 
the first cost of the wire will be a little higher. 


16. Effects of Low Voltage.—If the drop becomes 
excessive, either on account of the feeding system being too - 
light or the load too heavy, it will produce a low voltage at 
the cars, and this in turn means low speed. It isa well-known 
fact that just as soon as the voltage on a system becomes 
low, troubles with the motors and car equipment begin to 
multiply. There are many cases on record where controller 
and brush-holder troubles have been very much decreased 
and where the roasting of field coils, controller blow-out 
coils, and the throwing of solder out of the commutator 
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connections have been entirely stopped simply by raising 
the voltage on the line. 

Suppose that a road having a certain number of cars is | 
operated at, say, 550 volts and on a certain schedule; also, 
suppose that owing to an extension of the road, the addition 
of more cars, the deterioration of the track-return circuit, or 
any other reason, the voltage gradually comes down to 400. 
This will make a maximum decrease of about 20 per cent. 
in the running speed of the cars. If the time table is 
rearranged so that the motormen can run the cars on 
time with the same ease that they could with the higher 
voltage, the troubles with the rolling stock will not only 
not increase, but they will actually decrease, because the 
lower voltage is not as hard on the insulation and arc- 
breaking devices and the lower speed is not as hard on 
the car bodies and trucks. 

If, on the other hand, no notice is taken of the gradual 
decrease in the average line voltage and the same time table 
is kept in force, the following will be the result: Since the 
maximum running speed of the cars has been cut down, the 
motorman must make up time wherever he can. Most of 
this will be made up at starting and getting the car under 
headway; part of it will also be made up on curves, cross- 
ings, and other places where, under ordinary conditions, slow 
running would be the rule. At starting, the controller is 
moved around rapidly and the car takes far more current 
than it should and the excessive current injures the control- 
ler, the commutator, and the brushes. The insulation on 
the fields becomes roasted and troubles of all kinds are 
liable to occur simply because the equipment has to be 
abused to make the car run on time. 

As a practical instance of the result of low voltage, the 
following actual case that occurred where two abutting roads 
used each other’s tracks for about ~ mile may be cited. 
Their trolley wires were separated by a line breaker and 
each road had its own feeder system. On one side of the 
breaker the voltage was 425 volts; on the other side, 525 volts. 
As long as each roaa used only its own trolley wire the 
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high-voltage road had no trouble to speak of. As soon as 
its cars began to run over the low-voltage road, controller 
and brush-holder breakdowns set in and continued until two 
extra feeders were run to the low-voltage side. 

The above effects have been noted here simply to show 
that the question of proper voltage is an important one. It 
is true that there are many roads operating under an excess- 
ive drop, and this in itself is not so bad if the pressure at 
the station is increased so that the proper voltage at the 
cars is maintained. At the same time, a large drop means a 
large waste of power, and the question as to whether it will 
pay better to lose a considerable amount of power or buy 
more feed-wire is something that must be determined by the 
relative cost of power and copper. 


ELECTROLYSIS 


17. Introductory Remarks.—The subject of electrol- 
ysis, by which is here meant the eating away of the rails, 
underground pipes, or other buried metallic conductors by 
stray currents from the street-railway system, is closely con- 
nected with the feeding system, especially with the track- 
return part of it. When electrolysis was first noticed, a great 
outcry was raised against the trolley roads by gas and water 
companies, telephone companies, and other corporations own- 
ing underground pipes or lead-covered cables. The many 
lawsuits brought against electric-railway companies led to 
an investigation of the subject, with the result that electrol- 
ysis is not feared nearly as much as it once was, because 
means have been devised for avoiding it largely or for limit- 
ing it to sections where it can be watched or provision made 
to prevent it. 


18. Elementary Principles.—In Fig. 6, 4 and B are 
two iron plates buried a short distance apart in damp earth. 
If the terminals of 4 and 2 are connected to a dynamo and 
a current made to flow from 4 to #@ through the earth, 
plate A will be eaten away or pitted while plate 2 will not 
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be damaged. This is practically the same electrochemical 
effect that takes place in electroplating, where metal is 
taken from a plate, or anode, and deposited on the article 
to be plated. The point 
to notice is that wherever 
current flows from a metal 
conductor into damp earth, 
the conductor is eaten 
away, provided that the 
difference of potential be- 
tween the conductor and 
the adjacent earth is suf- 
ficient to effect the chemical decompositions; but where cur- 
rent flows from the earth zzfo the conductor, the latter is 
not dameged. The rate at which the metal will be eaten 
depends on the strength of the current. 

19. Table II shows the weight of metal that will, 
theoretically, be eaten away by 1 ampere flowing steadily 
for 1 year, for metals likely to be affected by stray under- 
ground currents. 


— cet 
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TABLE I 
ELECTROLYTIC EFFECT OF CURRENT ON VARIOUS 
METALS 
Grams per Fouias Pot 
Metal Ampere-Hour pen Vear 
/Nutianimnbha 4 5 Gon oS 2327, 6.31 
(COS Go a of ot oo 1.190 22.97 
TPO tary ote nt arent ie ys 1.044 . 20.15 
Lead ° « ° ° * oe . ° e 3.852 74-34 
ANT” Se Ce ee 2.218 42.71 
LATA ret de aE oN Ss 1.216 23.47 


This table is of interest chiefly because it shows the rela- 
tive effect of a current on the different metals. It does not 
follow that in practice, whenever a current of 1 ampere flows 
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for 1 year from a conductor into the ground, the amounts of 
metal indicated by the table will be eaten away. In fact, 
under some circumstances current may flow from a buried 
conductor to the ground without eating the metalatall. For 
‘example, the ions liberated by the current may be such that 
no corroding action takes place on the pipe, or the energy 
expended per unit area of the pipe surface may not be great 
enough to decompose the salts in the damp earth. It has 
also been found in many cases that electrolytic action may 
take place for a while and then cease owing to the character 
of the earth around the conductor having become changed 
by the decomposition of the salts contained therein and 
rendered incapable of acting as an electrolyte for further 
electrolytic action. It should also be remembered that 
underground pipes and conductors may become corroded 
by the simple chemical action of the salts contained in the 
earth, and whenever a conductor or pipe shows signs of pit- 
ting it by no means follows that the corrosion is due to 
electrolysis; in fact, there is no sure way of telling simply 
from the appearance of the pipe to which source the cor- 
rosion is due. 

Mr. Albert B. Herrick* suggests the following method for 
determining definitely whether or not corrosion is due to 
simple chemical action or to electrolytic action. The pipe 
in question is uncovered for about 8 feet of its length. 
Half-round test shields made of material as nearly like the 
pipe as possible and of inside diameter corresponding with 
the outside diameter of the pipe, are provided; the length of 
these is usually about three times the diameter of the pipe 
to be tested. A length of the pipe corresponding to the 
length of shield is carefully cleaned and amalgamated, and 
the inside surfaces of a pair of shields are similarly treated. 
The shields are then firmly fastened to the pipe by bolting 
the semicircular halves together by means of bolts passing 
through projecting flanges. Another pair of plates is also 
bolted to the pipe, alongside of but not touching the first 


*Street Railway Journal, Vol. XXIII, No. 14, 
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pair, and before bolting them in place the pipe is covered 
with a -inch sheet of rubber. The second sheath is thus 
insulated from the pipe while the first is in good metallic 
contact with it and before being placed in position both 
shields are carefully weighed and notes made as to the 
character of their surfaces. The pipe and sheaths are then 
covered with earth and allowed to stand undisturbed for 
6 months. At the end of that time they are examined, care- 
fully cleaned, and weighed. If the insulated shield has been 
corroded it must have been on account of ordinary chemical 
action and the difference in weights will indicate the amount 
of corrosion. If the uninsulated sheath is corroded it may 
be due to electrolytic action, to ordinary chemical action, or 
to a combination of the two. By thus noting the difference 
in the effects on the two shields, the effects of corrosion 
from the two sources can be determined. 

In Table II, it is interesting to note that lead is eaten 
away more rapidly than any of the other metals there given. 
Underground lead pipe, and the lead sheaths of underground 
cables are, under like conditions, eaten away much more 
rapidly than iron pipe. Also, wrought-iron pipe is much 
more susceptible to electrolytic corrosion than cast-iron; with 
cast iron the impurities in the iron appear to form a kind of 
scale that protects the pipe. 


Fic. 7 


20. Electrolysis Due to Railway Currents.—Fig. 7 
gives a simple illustration as to how electrolysis may occur 
in connection with an overhead-trolley system. 7 7 is the 
trolley wire and A & the track; under ordinary conditions, 
the current returns by way of the rail, as indicated by the 
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arrows. If, however, there happens to be a pipe Tei in 
the neighborhood of the track, that offers a ready path for the 
current, part of the current will leave the rails, as at /, enter the 
pipe, and flow out again at O to return to the power station. 
At O, where the current leaves the pipe, electrolytic action 
will be set up, if the conditions are favorable, and in the course 
of time will eat holes in the pipe. At /, the current leaves the 


: To Power House Ry 
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rails; hence they will be eaten away to some extent. If 
the trolley wire were connected to the negative pole of the 
dynamo instead of the positive, the current would flow out 
through the track, and whatever corrosion occurred on the 
pipes would take place at points removed from the station 
and would be scattered over a wide area. On the other 


~——— To Fower House 
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hand, with the positive pole connected to the trolley, what- 
ever action takes place on the pipes is confined to dis- 
tricts near the power house. ‘These areas are comparatively 
small, and measures can be taken to protect them. This is 
the principal reason why the positive pole of the dynamo 
should be connected to the trolley side of the line. Figs. 8 
and 9 show modifications of the simple case shown in Fig. 7, 
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In Fig. 8 the current leaves the rail R, enters the pipe W, 
and flows through VV until a better path presents itself in the 
shape of the lead-sheathed cable C. It flows along C until the 
track presents a better path, when it flows back to the rail 
again, as indicated by the arrows. Electrolytic action may 
occur where the current leaves the rail, the iron pipe, and the 
lead sheath of the cable. Fig. 9 shows a case where a cable 
and pipe run parallel to the iron rail A B, the arrows indica- 
ting the path of the stray current. Lead-covered under- 
ground cables are particularly liable to damage, because lead 
is eaten away much more rapidly than iron; moreover, the 
corrosion never takes place evenly, but in spots, so that the 
pipe or sheath becomes pitted and is soon destroyed. How- 
ever, the general practice now is to run underground cables 
in tile ducts which form an insulating medium between the 
cable sheath and ground, thus preventing electrolysis to a 
large degree. Wrought-iron pipes are more quickly eaten 
than cast-iron; in fact, the harder grades of cast iron, such as 
chilled iron, seem to be very little affected. 

It is seen, by referring to Fig. 7, that if the track return is 
in good condition, there will be little inducement for the 
current to leave the track and pass through the intervening 
earth to come back on the pipes. One of the most effective 
precautions against electrolysis is thorough rail bonding. 
With the greater attention that is paid to rail bonding on 
modern roads, there has been a corresponding reduction in 
the damage due to electrolysis. 

21. Testing for Electrolysis. —The difference of 
potential between a pipe and the track depends on the current 
’ flowing between the two and the resistance of the intervening 
earth. The difference of potential that is effective in 
producing electrolytic action is that which exists between 
a pipe and the earth immediately surrounding the pipe. A 
very small E. M. F. may be sufficient to cause electrolysis 
while the E. M. F. measured between pipe and track might be 
quite high because of the intervening resistance. In order 
for electrolysis to take place, the pipe must be positive to 
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the surrounding earth so that current will flow from the pipe 
to the earth. If atest shows that the earth is positive to the 
pipe there is no danger at that point so far as the pipe is 
concerned. The old method of testing between the pipe and 
rail with a millivoltmeter does not give reliable information 
as to the potential between the pipe and adjacent earth, and 


Slandard 
Battery 
y ) 
2 ec d 
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the following test is recommended by Mr. Herrick as being 
much more reliable. An insulated pointed rod a, Fig. 10, is 
driven through the soil until the point comes in contact with 
the pipe. A second insulated rod 6 is driven in so that its 
point will come close to the pipe but will not touch it. Both 
rods are insulated and protected by running them through a 
piece of iron pipe lined with insulating material, as, for 
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example, a piece of lined conduit such as is used for wiring 
buildings. The earth potential point is covered with cad- 
mium so that there will not be a local E. M. F. set up, which 
will disturb the difference of potential due to the earth 
currents. Also, the E. M. F. existing between the pipe and 
the test point is measured not by means of a voltmeter, 
which would disturb the normal current flowing between pipe 
and ground, but by balancing the unknown E. M. F. against 
a known E. M. F. from a standard battery. The resistance c 
is adjusted until the galvanometer indicates zero current, and 
the E. M. F. between pipe and ground then bears the same 
relation to the known E. M. F. of the standard battery that 
resistance x between c and d bears to the total resistance y 
included between e and dq; or, 


y 
where /, = E. M. F. between pipe and ground; 
E. M. F. of standard battery; 
x = resistance cd; 
y = total resistance. 


& 
I 


It is not necessary to know the values of x and y, in ohms; 
if the ratio of their resistances is known it is sufficient. 
Resistance y can be in the form of a bare high-resistance wire 
wound on a cylinder and provided with a sliding contact 
and scale, so that the divisions read off for any position of 
the contact will be proportional to the resistance x. 


EXxAMPLE.—A test was made, as shown in Fig. 10, with a standard 
battery giving 5 volts and a sliding contact resistance divided into 
100 equal parts. When the galvanometer gave no deflection, resist- 
ance # was represented by 30 divisions on the scale. What was the 
E. M. F. between the pipe and ground? 


SoLurion.—In formula 8, since the resistances are proportional to 


the lengths of wire, 


ks = —— = 1.5 volts. Ans. 
y = 0 and Vi 5X 100 


22, Prevention of Electrolysis.—A large system of 
piping forms a conducting network of very low resistance in 
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parallel with the track, hence it is a very difficult matter to 
prevent part of the current from leaving the track. However, 
if proper steps are taken, the bad effects of electrolysis can 
be largely avoided; the following are the main points that 
experience has shown should be observed: 

(a) The trolley wire should be made the positive side of 
the system. 

(6) The track should be thoroughly bonded and the 
bonds maintained in good cordition. 

(c) Any metallic connections that may exist between 
piping or cable systems and the track should be located 
and removed. 

(d) Return feeders should be run out from the station 
and connected to those pipes that carry the greater part of 
the current. Thus, the current in the pipes will be “‘drained”’ 
off without passing from the pipes to ground. 

(ec) Where service pipes, cables, or underground con- 
ductors pass under tracks or through other regions where they 
are exposed to electrolytic action, they can often be protected 
by covering them with glazed tile or by placing them ina 
trough filled with asphalt. 

(f) If in any part of a system the rail return carries an 
excessive current, return feeders should be run so as to 
relieve the rail of part of the current and prevent an excessive 
fall of potential along the rail. The greater the fall of 
potential in the rails the greater is the tendency for the cur- 
rent to pass off to neighboring pipes. 

The remedy given under (c) is important. Very often 
accidental connections exist between the rails and pipe so 
that current can pass directly to the piping system. This is 
specially the case where pipes run actoss iron bridges that 
also carry railway tracks. Before attempting to “drain off” 
the current from a piping system it is needless to say that 
all metallic connections between track and pipe must be 
removed. Where pipes pass across iron bridges the best 
plan is to insulate the pipe from the bridge, or if this is 
impossible, insulate the pipe by the insertion of insulating 
joints at either end of the bridge. 
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Remedy (d) is very commonly practiced and gives good 
results if properly applied. The return feeders should be 
attached to the pipes that carry the most current and, as a 
rule, the current so returned to the power house will not be 
more than 5 or 6 per cent. of the total current; if it exceeds 
this amount it is probable that there is a metallic connection 
somewhere between the track and pipes. 

Service pipes crossing under street-car tracks are partic- 
ularly subject to electrolytic action, and when they are being 
laid or repaired it costs but little to cover them with tile or 
to run them in a box, as explained in (e). 


23. Method of Measuring Current in Pipe.—Fig. 11 
shows a convenient method for measuring the current flow- 
ing in a pipe. Clamp terminals a,64 are attached from 
4 to 6 feet apart, and low-resistance connections made to an 
ammeter c through a 
switch d. A milli- 
voltmeter e is also 
connected across ter- 
minals /, g, and read- 
ings taken from it 
with the switch d Breath 
open and readings taken from e and c with d closed. The 
reading of e will be less when d is closed, as then part of the 
total current flows through the ammeter circuit. The cur- 
rent flowing in the pipe is then obtained from the formula 


Fede 
Lies oe (4) 
where / = amperes in main pipe; 
7, = amperes indicated by ammeter ¢ when switch d 
is closed; 
E = volts indicated with switch d open; 
£, = volts indicated with switch d closed. 


ExAMpLe.—In Fig. 11, the current indicated by ¢ with d closed is 
20 amperes and the reading of e is 300 millivolts. With d open, 
e reads 400 millivolts. How many amperes are flowing in the pipe? 
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SorutTion.—In formula 4, 7, = 20, & = 400 millivolts = .4 volt, 
E, = 300 millivolts = .3 volt; hence, 

20 X .4 

of 4— 3 


= 80 amperes. Ans. 


24, Systems Free From Electrolysis. — Systems 
using the double overhead-trolley or conduit system where 
the rails do not form the return circuit, are, of course, free 
from trouble due to electrolysis. Also roads where alter- 
nating current is supplied to the cars are exempt because 
alternating current, even if it does return by way of pipes, 
is incapable of producing any electrolytic effect. 


AUXILIARY EQUIPMENT 


25. The part of an electric-railway system that pertains 
directly to the supply of current for the cars has been taken 
up, but the rolling stock and car equipment remain to be 
considered. Before going on to this part of the subject, it 
may be well to pay some attention to the auxiliary depart- 
ments of a road. Under this head may be included car 
houses or car barns, repair shops, etc. These, while not, 
perhaps, directly connected with the running of the cars, are 
at the same time an essential part of the road. Their equip- 
ment varies greatly on different roads, so that the descrip- 
tions can only be very general in character. 


THE CAR HOUSE 


26. The car house or car barn is a building used for 
storing cars that are not in use. It is now customary to 
provide storage under cover only for those cars that are not 
in regular commission. Cars that are running regularly are 
stored outdoors; there is no good reason why a car that is 
in fit condition to be out all day in all kinds of weather 
should be put under cover over night, especially when such 
storage room is expensive and when there is always more 
or less danger from fire. 
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Where practicable, the tracks in car barns should be far 
enough apart to admit of easy passage between them, and 
the more uniformly the daylight is diffused throughout the 
building, the better. In some car houses, the storage room 
is all on one floor; this may be the first or second floor, 
according as the cars to be stored are out of season or are 
just temporarily out of use. In other storage houses, two 
or more floors are used, in which case an elevator must be. 
provided for handling the cars on the upper floors. 

Where the cars must be transmitted to and from an upper 
story by means of an elevator, it is almost always the case 
that the stripped or out-of-season cars are stored there. As 
there is no possible chance of saving the cars in time of fire, 
there is no objection to setting them on horses or barrels; 
but where the storage tracks are on a level with a street 
track, the cars should be set on temporary trucks, so that 
at an alarm of fire they can be run owt. Where practicable, 
every storage track should lead to the street at one end 
or the other of the car house. In some houses it is the 
practice to grade the rails down to the street, so that in 
case of fire it is only necessary to let off the brakes and 
the cars will run out. 


2%. For inspection of trucks and motors there should be 
pits about 4 feet 8 inches deep directly under the tracks, no 
pit to be shorter than any car that may be placed over it. 
As to the total amount of pit room required per car, it isa 
very hard matter to fix between narrow limits, as it depends 
a great deal on how much trouble the equipments give. A 
safe value, however, based on long experience with almost 
all conditions of working with several types of motors and 
trucks, is 1 linear foot of pit room for each car that runs into 
the depot; though in some modern car barns the allowance 
is much less than this for the reason that it is now consid- 
ered best to remove the car bodies from the trucks and work 
on the motors from above when thorough overhauling is 
required. Pits are used for ordinary inspection or for light 
repairs, but when an equipment has to be thoroughly gone 
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over a much better job can be done by dispensing with pit 
work altogether. The pits should have cement bottoms and 
be properly drained. The space between the tracks on the 
floor level should be boarded, but the underneath space 
between the pits should be left open. 

A couple of shelves and a row of small bins to hold a few 
of the most commonly used sizes of bolts, nuts, and washers 
save time and should be placed in each pit. 


28. Wiring of Car House.—The wiring of the car 
house is a simple matter, but its plan depends on the track 
layout of the house. Every track should have a trolley wire 
over it. The house trolley wiring, as a whole, should be. 
separated from the main \line outside by means of a line 
circuit-breaker; it must then be connected to the street wires 
by means of a jumper that passes through a switch placed 
outside of the building, so that in 
case of fire the whole house wiring 
can be disconnected. The wires 
in the house are supported on barn 
hangers (see Fig. 12). The hanger 
is fastened to the house beam by 
means of lugs 4, 4, the trolley wire 
being fastened to ear c; in barns 
with steel roof trusses, the hanger 
must be screwed to wooden blocks 
supported from the iron girders. 
In some barns, the trolley wire is 
run in an inverted wooden trough, 
the hangers being screwed to the 
bottom of the trough. In such a case, the trough generally 
catches the wheel if for any reason it leaves the wire; it also 
serves as an insulated support for the wheel at night and 
obviates the necessity of tying down the pole where such a 
rule is in force. Sometimes at short curves under very low 
structures it is the practice to do away with the trolley wire 
altogether and replace it with an inverted brass or copper 
trough, in which the trolley wheel rolls along on its flanges. 


Fic. 12 
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THE REPAIR SHOP 


29. The repair shop is the place where all heavy 
repairs and alterations are made. A well-appointed repair 
shop should include a machine shop, carpenter shop, mill, 
blacksmith shop, paint shop, winding room, commutator 
room, controller room, and a wheel-grinding annex. In the 
machine shop, all general machine work is done, such as 
fitting bearings, turning down commutators on the shaft, 
recutting bolts, etc. In the winding room, fields, armatures, 
armature coils, etc. are wound, insulated, and baked. In the 
commutator room, the parts of the commutator are assem- 
bled and the finished article tested. In the controller room, 
controllers, switches, resistances, etc. are repaired, and in the 
mill, the repair parts for car bodies are made. The shop 
building should be a substantial fireproof structure and every 
effort should be made to have good light throughout. 


30. The Pit Room and Machine Shop.—The number 
and length of the pits depend on the nature of the work to be 
done and the number of cars to be handled. The pit rails 
should be laid on stringers supported by brick piers, and the 
space underneath between pits should be left open, so that a 
man can go from one pit to another without going up on the 
floor. There should be means provided for raising the car 
bodies off the trucks quickly and with as little labor as possible. 
It is common practice to provide car shops with an air com- 
pressor and reservoir, the air to be used in blowing the dust 
out of motors, controllers, etc.; in such a case, the compressor, 
or air pump, is driven by a motor. ‘The air pump stores the 
air in a main reservoir that is piped to auxiliary reservoirs 
situated at the points where the air is to be used. Air has 
proved to be the best thing for cleaning purposes, and in the 
several instances where it has been used as a means of oper- 
ating lifts to raise cars and to handle heavy work around the 
lathe and boring machines, it has scored an equal success. 


831. The Machine Shop.—In laying out a machine shop, 
two important points must be kept in mind: the machines 
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must be so disposed as to admit of having a good light 
thrown on the work and at the same time must take up as 
little floor space as possible. The number and kind of 
machines to be installed depend on the class of work to be 
done. There should be enough machines so that the work 
may not be held back for want of them, but at the same time 
there should be no more of the same or similar kinds than 
can be kept busy. 

The machines necessary are about as follows: One lathe 
to take an axle with the wheels on it; one smaller one to take 
armatures and bearings; one speed lathe; one metal saw; one 
large and one small drill press; one boring mill; one planer 
and shaper; one bolt-cutting machine, with right- and left- 
hand dies; one milling machine; one wheel press; one axle 
straightener; emery wheels; one grindstone; one power hack 
saw; one ratchet drill; one punch press; and one power 
hammer, usually in the blacksmith shop. On a small road, 
some of the above might be omitted. 

382. The Winding Room.—As good a place as any fora 
winding room is in a gallery built around the wall above the 
machine shop, but a great many object to this plan on the 
ground that all cores to be wound and wires for winding 
must be elevated to the gallery. This is true; and where 
there is plenty of room on the ground floor, it is best to do 
the winding there; but where space is limited, the above 
location is a good one. The size of the armature room 
required for a given number of cars depends, of course, on 
many local conditions. For a road operating 100 cars or 
over, from 6 to 8 square feet of floor space per car should be 
sufficient. For a small road, the space required per car 
would be much larger. Every winding room in which all 
the processes of winding are carried out and where coils are 
not bought ready-made, should be equipped with about the 
following: One machine for putting bands on armatures; one 
field-winding machine; one armature-coil winding machine 
with a coil former for each type of armature; one gasoline 
stove, brick-enclosed, with the tank well removed and 
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enclosed (gas is better and safer when it can be had) for 
‘ heating soldering irons; a device for pulling off commuta- 
tors (the pinions should be removed before the armatures 
are sent in); racks for holding rolls of insulation; stands for 
holding armatures in course of winding; one machine for 
cutting insulation; one machine for pressing coil papers; one 
coil press for each kind of coil; ample facilities for dipping 
the coils in varnish or some other compound; racks for 
holding completed armatures; an oven or its equivalent for 
baking armatures (it can be either steam-heated or heated 
with street-car heaters). If the armature coils are dipped in 
an air-drying compound, no oven is needed, because the 
armatures themselves and the fields and other coils can be 
baked by sending a current through them; but if the armature 
coils are to be dipped in varnish—a much better practice—an 
oven must be provided, and it might just as well be large 
enough to bake everything. 

“The winding room should be provided with substantial 
patterns of every standard piece of insulation used in the 
place; one set of these should be hung ina convenient place; 
a duplicate set should be kept under lock and key, preferably 
in a fireproof place. 


33. The Commutator Room.—The commutator room 
should be in charge of a good mechanic, and should contain 
a lathe, a drill press, a milling machine, and an oven for 
baking commutators. It should be provided with a full line 
of gauges for the several kinds of mica bodies used and plug 
gauges for the shaft hole bored in the shell. There should 
be provided a device for tightening up the nuts without 
twisting the commutator bars out of line. There must be an 
adequate supply of assembling rings and the proper wrenches 
for adjusting them; no emery wheel should be allowed in the 
commutator room. The most natural and convenient location 
for the room is next the winding room; it should be enclosed, 
but should have the best possible light and ventilation. 


34. The Controller Room.—There is no particular 
condition to be fulfilled in selecting a site for the controller 
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room. A location just off the machine shop, where it will 
be convenient to the machines, is as good as any. 


35. The Mill and Carpenter Shop.—The mill is the 
room in which the wood-working machines are placed and 
the carpenter shop is where the cars are run in for general 
body repairs. There is no reason why they should not both 
be within the same enclosure—the mill at one end and the 
carpenter shop at the other. The best place for them is 
between the machine shop, pit room, and paint shop, a line 
of single or double track running through, so that a car can 
come in at one end of the building and go out at the other. 
In the mill there should ,be a planer, boring machine, lathe, 
band saw, circular saw, and grindstone. 


36. The Paint Shop.—The paint shop should be at the 
extreme rear of the main shop and should have free access 
to the street; it should be provided with as many doors 
on the street side as there are tracks, so that in case of fire 
the cars can be run out without any shifting or transferring. 
The paint shop should receive only cars that have been 
repaired and are ready to run on the road except for the 
painting. This being the case, each track in the shop should 
have a trolley wire over it, the whole system of trolley 
wires being kept cut out by means of a switch except when 
they are to be used. Under no circumstances should the 
car bodies be set on horses or barrels in the paint shop; the 
risk of fire is too great. They should always be on tem- 
porary trucks, and where possible, at the head of each line of 
cars should be a car fully equipped, so that in case of fire 
they can be coupled together and towed out of danger. 
Another good plan is to have the tracks down grade out of 
the house, so that when the brakes are released or the 
chocks removed from the wheels, the cars will run out by 
gravity. On account of the great fire risk incidental to the 
storage of so many inflammable materials, oils, varnishes, 
etc., there should be an absolutely fireproof wall between the 
paint room and the rest of the shop, communication between 

the two shops being only through self-closing fireproof 
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doors. As a prime precaution against fire, the building 
should be of brick, with a fireproof roof and a cement floor. 
The floor should be graded to gratings that lead to the 
sewer or to a cesspool and the roof should be designed to 
give the best possible light and ventilation. All inflam- 
mable materials should be kept in a small, absolutely fire- 
proof room that will admit barrels, etc., without trucking 
them the entire length of the paint shop. The question of 
fire risk in a paint shop is a serious one, for the reason that 
the shop is generally full of cars that will burn quickly if 
once started. 


o7. The Blacksmith Shop.—The blacksmith shop 
must be located where the coal dust and gases from the 
forges cannot reach the paint shop. It should contain at 
least two forges, anvils, and a blower. One forge should 
be provided with an ordinary bellows all ready to be con- 
nected on, in case anything should happen to the blower or 
to the motor from which it is run. Besides the usual com- 
plement of forge tools, there should be a machine hammer, 
shears, and a drill press. 


388. The Grinding Room.—If the brakes on a trolley 
car are applied too hard or if for any other reason the car 
skids along the track, flat spots, or flats, as they are called, 
are found on the tread of the wheel. These make the 
wheels pound on the rails, and unless they are removed by 
grinding or anew wheel put on, the trouble is liable to go 
from bad to worse. Most car wheels are of chilled cast 
iron. In the molding, the tread of the wheel is chilled 
so that the iron is very hard for a depth of % or % inch. 
If the wheel is worn down so that the chilled portion is 
ground through, there is no use in doing anything further 
with it, as the iron under the chilled part is too soft to last 
any length of time. If small flats develop, they can often 
be removed before they get any worse by taking off the 
regular brake shoe and putting on a special wheel-truing 
shoe provided with emery, carborundum, or similar abrasive. 
Fig. 18 shows one of these shoes; it simply replaces the 
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regular brake shoe and in the course of a few hours’ run the 
abrasive blocks a grind the wheel true. When the flat is 
a bad one, it is removed by a regular grinder, 
which is a device for holding a revolving 
emery wheel against the tread of the wheel 
to be ground. The wheels may be ground 
either in place on the car or separate from the 
car. The car-wheel grinder can, as a rule, be 
used to greater advantage out at one of the 
depots, if the wheels are to be ground on 
the car; this is undoubtedly the best prac- 
tice, but it is not always followed. Where 
the wheels are taken out to be ground, there 
must be extra means provided for driving 
the axle, whereas, if ground on the car, one 
of the car motors can do the work. In 
either case, the ‘car wheels should make from 
20 to 40 revolutions per minute, and the 
speed of the rim of the emery wheels should be about 
5,000 feet per minute. Steel-tired wheels are trued up by 
turning in a lathe. 
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CAR BODIES AND TRUCKS 


CAR BODIES 


39. The car body constitutes the main part of the car 
and is mounted either on one or two trucks, depending on 
its length. Car bodies are made in a large variety of styles, 
some being open for summer use, others closed, and others 
a combination of the two. They are made in lengths ran- 
ging from 18 or 20 feet to 40 or 50 feet; the larger cars 
usually have two rows of seats arranged crosswise as in an 
ordinary steam railway coach. 


40. Selection of Car Body.—The selection of the cars 
for any given road is a matter that requires careful attention. 
No fixed rules can be laid down to govern the selection of 
the car body in all cases, because conditions vary and a body 
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adapted to one place and condition of service might fail 
entirely to meet the requirements elsewhere. In some 
places, open cars can be used the year round, while in other 
sections there are only a few days in the year when closed 
cars are uncomfortable. The average conditions call for 
both open and closed cars, and much attention has been paid 
to the question of devising a car that can be made open in 
warm weather and closed in cold weather. One result of 
this has been the so-called semzconvertible car, a type which 
all car manufacturers now make. The nearest approach toa 
solution of the problem of producing a combination car that 
is as good in hot as in cold weather is found in the car that 
is partly open and partly closed. This car has the advantage 
that it is not only adapted to hot and cold weather, but to 
rainy weather as well. It has the disadvantage that in no 
kind of weather does it, as a rule, carry a full load, except 
during the rush hours, so the power house must carry just 
so much dead weight over the road. Semiconvertible cars 
are made in a number of different ways, but the windows 
are made larger than ordinary. In one style of car both 
upper and lower window sash can be pushed up into pockets 
in the roof and held there, thus leaving practically the whole 
side of the car open. In another type no window sashes are 
provided at all; the windows are of large heavy glass panes 
fixed in place but arranged so that they can be removed in 
summer, thus leaving the side of the car open. Of course, 
in both cases, entrance must be from the ends, hence 
these cars cannot load or unload as quickly as a regular 
open car; at the same time they avoid the necessity of 
keeping two kinds of cars on hand and have come into 
very extensive use. 

The single-truck four-wheel car is giving way to double- 
truck eight-wheelers, because a single truck, on account of 
the limited wheel base, cannot well accommodate a car body 
over 20 or 22 feet long. The most economical practice from 
the energy point of view, is to run trailers, which are cars 
similar to motor cars, but lighter and not equipped with 
motors. On account of the trailer being so light, the ratio 
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of live weight to total weight carried is very much increased; 
also, the trailers can be left off when they are not needed. 
But unfortunately the use of trailers increases the number of 
accidents and consequent damage suits, and these more than 
offset the value of the power saved. 

The point must often be decided as to whether single- 
truck or double-truck cars should be Purchased for a road. 
It can be safely said that if there is the least doubt as to 
which to buy, give the preference to the double-truck car. 
There is nothing so attractive as a well-built and well- 
appointed double-truck car. This type of car is easier on 
the car body, easier on the line work, easier on the track, 
and last but not least, it is easier on the passengers. Actual 
statistics show that the introduction of the double-truck car 
will create travel. Being higher from the rail and longer 
than the single-truck car, it takes longer to load and to 
unload passengers, and for this reason is not adapted to 
local runs, where the travel is heavy and the stops frequent. 
This, of course, does not apply to open cars, where ingress 
and egress are just as free as on a single-truck car. 


TRUCKS 


41. The main requirements of a good truck are that it 
be easy riding, durable, have few parts, wearing parts easily 
replaced, and wheels easily changed. The trucks must be 
entirely self-contained; that is, one framework must include 
the wheels and axles, the brakes, motors, and driving gear. 
This in reality constitutes the car, for the car body above is 
merely a framework to hold and shelter passengers, having 
none of the vital parts necessary to operation. The fact 
must not be overlooked, however, that the car body has to 
stand severe strains on account of the rapid acceleration at 
starting and an equally heavy strain when the brakes are 
suddenly applied in stopping; so that this portion of the car 
must be carefully designed or it will not last long. 


42. Classes of Trueks.—Trucks are of two kinds: 
single trucks and double trucks; the latter may be 
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further subdivided into ordinary double trucks and maximum- 
traction trucks. A single truck has four wheels, takes a 
single motor on each axle, and there is one truck to a car; 
an ordinary double truck has four wheels, all the same size, 
can take a motor on each axle, and there are two trucks to a 
car; a maximum-traction truck has two large wheels and two 
small ones, the idea being to throw most of the weight on 
the large wheels, which are driven by the motor. The 
weight on the small wheels is regulated by means of a com- 
pression bolt and spring, just enough compression being put 
on to keep the small wheels on the rail when rounding curves. 
As arule, the large wheels take about 70 per cent. and the 
small ones 30 per cent. of the total weight. Experiment 
has shown that for a given weight of car, the maximum-trac- 
tion trucks do not require as large an expenditure of energy 
as a single truck with a 7-foot wheel base. The single 
truck, being more rigid, binds more in curves and does not 
equalize as readily as the maximum-traction truck, with its 
shorter wheel base. Nevertheless, the maximum-traction 
truck does not ride as easily as the ordinary truck and is 
now used comparatively little. The ordinary double truck 
equipped with a single motor has the disadvantage that the 
driving power is all on one axle, while the weight is divided 
between two. The result is a tendency for the driving 
wheels to spin when called on to do heavy duty, because the 
traction between the wheel and rail is not great enough. By 
putting a motor on each axle, making four motors to the 
car, conditions are much improved. 

For large interurban cars, ordinary double trucks are always 
used, but they must be of heavier construction than for the 
lighter cars used for city traffic. In many cases, one of the 
trucks is made especially heavy and both motors placed on 
it, the other truck being without motors. In some cases, 
however, where the cars must have a very powerful motor 
equipment, it has been found advisable to use four motors, 
one on each axle, because the space is so limited that it is 
sometimes difficult to develop the necessary power in two 
motors without overheating. 
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The car body is rigidly bolted to a single truck by body 
bolts passing through the car sills and the top rail of the 
truck’s side frame. Double trucks are attached to the car 
body by means of center bearings and pins, around which 
the truck turns as acenter. Part of the weight is sustained 
and the car body kept balanced by the rub plates, which 
are circular pieces that engage mates attached to the car 
body; they should be kept well greased. Cars mounted on 
double trucks sit higher from the rail than single-truck cars, 
because the body of the car has to clear the wheels and 
motors. In open cars the truck wheels have to clear the 
side steps, so that in some cases two steps must be used. 


43. Types of Trucks.—Fig. 14 shows a type of single 
truck; Fig. 15, an ordinary double truck; Fig. 16, a maxi- 
mum-traction truck. In Fig. 14, the motors are supported 
by the suspension bars 4, 4, which are in turn carried by the 
springs s,s resting on the side frame of the truck. Since 
it is advisable to support the motor on springs, it is, of 
course, equally necessary to provide a flexible support for 


the truck frame and car body. For short cars, springs 
placed close to the wheels would be sufficient, although 
such a construction would have little merit. The reason 
for providing a longer spring base is to prevent oscillation, 
which is unpleasant for the passengers and hard on the car 
body. The oscillation when excessive diminishes the trac- 
tion on the rising end of the car and causes the wheels to 
slip. For these reasons, the spring base is extended by. 
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adding extra springs at S,,.S,. The axle bearings are out- 
side the wheels, to give stability to the car body, the journal- 
boxes J being free to move vertically through a short 
distance controlled by a heavy coil spring. 


Fie. 16 


Fig. 17 shows a larger view of the bearings used on a 
single-truck car; a is the journal and 6 the bearing brass, 
which is on the upper half only, because the thrust is all in 
one direction. ‘This brass presses against the box casting c, 


which in turn bears up against the spiral springs s, that are 
held in a socket in the frame f. By removing the piece d, 
the frame can be lifted clear of the axles. The journal is 
lubricated by means of waste gin the lower part of the casing. 
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This waste is kept soaked with oil and effects the lubrication 
in the same manner as on ordinary railway cars. To guard 
the wheels against obstructions, the pilots JZ, JZ, Fig. 14, 
are bolted securely to the frame at a sufficient height from 
the track to avoid touching the rails. 

In Fig. 15, the car body rests on the bolster a, carried by 
elliptical springs 6. The weight resting on springs 0 is trans- 
mitted tothe side frame d through equalizing coil springs e 
and links f. Fig.18 shows, in detail, 
the relative arrangement of elliptical 
spring, equalizing bolt, equalizing 
spring, equalizing-spring link, and 
side frame. 


44, The wheel base, that is, the 
distance between centers of axles on 
a truck, should be long enough to sup- 
port the car body without excessive 
oscillation, but not so long as to make 
the wheels bind on curves. Any car 
body that calls for a wheel base of 
over 8 feet should be provided with 
double trucks; 7 feet is often given 
as the limiting wheel base for single- 
truck cars, but it is practicable to use an 8-foot base unless 
the curves are of unusually short radius. An 8-foot wheel 
base will require a much larger power expenditure on curves, 
but a car is rounding curves only a small part of the time it 
is in operation, and the increased power consumption is more 
than made up for by the increase in the size of the car that 
the longer wheel base makes possible. _ Excessive length of 
wheel base not only wears out the rails and wheels, but 
increases the power required to pull the car around a curve. 
If it takes a pulling force of 500 pounds to pull an 8-ton car 
with a 7-foot wheel base around a curve having a radius of 
50 feet, it will take a pulling force of only 350 pounds to 
pull the same car around the same curve on a 4-foot base. 
To pull the car around a curve of 100 feet radius on a 7-foot 
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wheel base would require a pull of 255 pounds, and on a 
4-foot base, 185 pounds. The difference in the pull required 
on the two bases on the 100-foot curve is much less than on 
the 50-foot curve, which goes to show that the greater the 
radius of the curve, the less difference does it make what the 
wheel base is. It is evident, then, that in laying out a road, 
all the curves should be made of as great a radius as possible; 
and in buying trucks for a road already installed, the radii 
of existing curves should be considered. With double-truck 
cars the wheel base may be anywhere from 4 to 7 feet. The 
4-foot base would only be used where the curves are very 
short, the ordinary base for such trucks being 6 feet. For 
very heavy interurban traffic, a 62-foot or 7-foot wheel base 
is frequently necessary to allow room enough for the motors 
when hung between the axles. 

To enable cars to round curves with the least effort and to 
save the rails and flanges, guard-rail flanges at curves should 
be kept clean and well greased. Other points to be con- 
sidered are in regard to the treads and flanges of the wheels; 
on them depends very much the ease with which a car will 
take acurve. The treads should not be so wide that they 
run on the paving outside of the track, and the shape, depth, 
and width of the wheel flange should be governed by the 
shape, depth, and width of the rail groove. 


45. Wheels used on electric cars vary from 30 inches 
to 86 inches in diameter; on ordinary street cars, the 
diameters are usually from 80 to 83 inches. For heavy 
work it is necessary to use wheels somewhat larger so as 
to give more clearance for the motors; therefore, diameters of 
38 to 86 inches are quite common. 

For light cars operating at low speed, cast-iron wheels 
with chilled treads are used. However, the ordinary chilled 
wheel is not strong enough for high-speed interurban work, 
and even for heavy city traffic at low speed it is giving place 
to the steel-tired wheel, which is provided with a tire made 
of rolled open-hearth steel. This type of wheel has long 
been used on steam roads for locomotives and passenger 
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coaches, but until the advent of heavy electric traction its 
use on electric roads was limited, owing chiefly to the high 
cost. The tire can be fastened to the cast-iron center by 
bolts, or retaining rings, but the usual method in wheels for 
electric cars is to fuse or cast-weld the tire to the center. 
The tire is heated, placed in the mold, and the iron center 
poured; the melted iron fuses the tire and a perfect joint 


[264 
e 3 —_ ON 
LN 


eles 


| 


Fie. 19 


between the two results. The main advantages of steel- 
tired wheels that compensate for their high cost as com- 
pared with chilled cast-iron wheels are: (a) Greater strength 
and security; these wheels are not likely to fly to pieces no 
matter how high the speed may be or how severe the strains 
due to rough track or very cold weather. (6) They are not 
nearly so liable to develop flat spots. (c) They are not so 
liable to slip, since the wrought steel tire has, with the steel 
rail, a much higher coefficient of friction than a chilled 
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cast-iron wheel; this reduces slippage and trouble due to flat 
spots; the action of the brakes is also much more effective. 
(d) They avoid trouble due to chipped or broken flanges. 
(ce) The rim can be made thick, so that the wheel will wear 
a long time before becoming useless; with chilled wheels, 
the depth of chilled iron is limited. 

Fig. 19 shows sections of two fused steel-tired wheels; 
(a) is a 30-inch wheel used on trail cars for an elevated 
road; (4) is a 84-inch wheel for an interurban road. ‘The 
weight of (a) is 650 pounds, and of (4) 688 pounds. 


METHOD OF SUSPENDING MOTORS ON TRUCK 


46. In practically all cases, the motors on an electric car 
drive the axles through single reduction spur gearing, a, 
pinion on the armature shaft meshing with a gear fastened to 
the axle. Direct-connected motors, i. e., motors having the 
armature mounted on the axle, have been tried, but have 
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never proved a success except in some special types of elec- 
tric locomotive where the motors are of such large size that 
they can be designed to operate satisfactorily at the low 
speed necessitated by direct connection. 


47, Figs. 20 and 21 show-the ordinary nose suspension, 
which is by far the most common method of suspending 
railway motors. Fig. 20 shows a G. E. (General Electric) 52 
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motor mounted on the wheels; the axle passes through the 
axle bearings at the rear of the motor and the front is sup- 
ported by a suspension bar bolted to the motor at aa, aa 
and resting on springs carried by the side frames of the 
truck. In Fig. 21, the axle a passes through the axle bear- 
ings 6,6 and the motor is prevented from shifting along the 
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axle on the one hand by gear g and on the other by collar c, 
the location of which can be adjusted by screw d. This isa 
comparatively small motor, and it does not take up all the 
space between the wheel hubs; with large motors, the space 
between hubs is often completely filled and no collar is 
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necessary. Instead of a split collar c with a screw adjust- 
ment, it is now common practice to use a plain solid collar 
pressed on to the shaft in the same way as the wheels; it is 
cheaper: than the collar shown in Fig. 21 and there is no 
possibility of its working loose. The suspension bar may 
be straight, as shown at é’, or bent, as at e, but in either 
case it is supported by springs /, f carried on the side frames 
of the truck. In Fig. 15, 2,2 show the arrangement of sus- 
pension bars for a double truck where the motors are hung 
outside the axles. For double-truck cars used in city 
service, the wheel base is frequently not large enough to 
allow hanging the motors inside the axles, but for large 
interurban cars where the wheel base is from 6 to 7 feet 
there is enough room between the axles and bolster to take 
the motors and they are therefore placed inside the axles, 
thus making a much more compact arrangement. 

No matter what kind of suspension is used, the object 
is to provide a flexible support for the motor so as to 
cushion the pounding effect and allow a certain freedom 
for up and down movement as the car passes over irregu- 
larities in the track. 


48. Fig. 22 shows a G. E. 74 motor, with nose suspen- 
sion, mounted on 33-inch wheels. This is a rather large 
motor (65 horsepower) and takes up all the space between 
wheel hubs; an axle collar is therefore unnecessary. This 
motor is designed to be worked on from above rather than 
from a pit and the upper half of the field frame can be 
removed and the armature taken out from above without 
disturbing the lower half of the motor. The suspension bar 
is therefore bolted to the lower half of the motor instead of 
the upper half, as shown in Fig, 21, which represents the 
older arrangement. 


49. Westinghouse Cradle Suspension. — Fig. 23 
shows a method of suspension used considerably with West- 
inghouse motors in which the motor is supported by a cradle 
or frame 44. The front of the cradle is supported by a 
cross-bar that rests on the truck side frames, and the back 
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by means of springs S, S’ that bear against lugs cast on 
the same arm that carries the axle bearings. The sides 
of the cradle pass through lugs on the ends of ’he motor and 
the whole motor is free to move up and down through a 
limited range, the movements being cushioned by springs 
S,.S’ and those placed between the ends of the cross-beam 
and the truck side frame. 


MOTORS AND CONTROLLERS 


STREET-RAILWAY MOTORS 


INTRODUCTION 

1. Street-railway motors have to meet several condi- 
tions not imposed on motors used for stationary work. 
Their design is limited to a large extent by the fact that they 
must be placed wholly beneath the car. They must be dust- 
proof and waterproof, because they may have to run through 
all kinds of dirt and water, and must be arranged so that they 
can be readily suspended from the car axle. Railway motors 
must be substantial in every particular, because they are 
called on to stand harder usage than almost any other kind 
of electrical machinery. 

Practically all railway motors, whether for direct or alter- 
nating current, are of the series-wound type. For this 
service, a motor must be able to give a strong starting effort 
and an increasing torque with decreasing speed. Shunt- 
wound motors run at a nearly constant speed regardless of 
load, and a car equipped with them would ascend grades at 
about the same speed that it would run on the level; whereas, 
a series-wound motor, when the load is increased, will 
decrease its speed automatically. Variable speed is essen- 
tial for railway operation and the shunt-wound motor is a 
constant-speed machine; hence, it has never been used, to any 
extent, for this class of work. Another great advantage of 
the series motor is that it can be made to exert a very strong 
starting effort. All current that flows through the armature 
also flows through the field, and a very strong field is thus 
obtained at starting. With a shunt motor, the current in the 
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field is fixed by the resistance of the winding and the line 
E. M. F.; consequently, the field cannot be strengthened when 
an especially strong torque is desired. Another incidental 
advantage of the series motor is that the field coils consist of 
a few turns of coarse wire and are much more substantial 
and cheaper to wind than fine-wire shunt coils. 


2. Speed Reduction.—It has not been found practicable 
or economical to drive ordinary electric cars by means of 
motors having their armatures mounted directly on the axles, 
though such motors may be used to advantage in special 
cases when they are of large size, as, for example, on heavy, 
high-speed, electric locomotives. For ordinary work, motors 
are always geared to the axle; a pinion on the armature shaft 
engages with a gear keyed to the axle, both gears being 
covered by a gear-case that contains a quantity of heavy oil. 
The reduction in speed depends on the relative number of 
teeth in the two gears; the smaller the pinion, as compared 
with the gear, the greater will be the reduction. 

The gear-ratio of an equipment will here be understood 
as the ratio of the number of teeth in the gear to the number 
in the pinion; this is the more usual way of expressing it, 
though it is sometimes given as the ratio of the number of 
teeth in pinion to the number in gear. The pinion has, in 
neatly every case, a number of teeth considerably smaller 
than that in the gear, so that there is little cause for confusion 
no matter which way the ratio is stated. If, then, a motor 


has 14 teeth in the pinion and 68 in the gear, the gear-ratio 
68 
s aa = 4.86 and the motor armature runs 4.86 times as fast 
as the axle. Table I gives the speed of car axles, in rev- 
olutions per minute, for different car speeds and diameters of 
wheels. By multiplying the revolutions given in the table 
by the gear-ratio in any given case, the speed of the motor 
armature is obtained. 
EXAMPLE.—A car is mounted on 33-inch wheels and runs at a speed 
of 20 miles per hour; how many revolutions per minute do the motor 


armatures make if there are 60 teeth in the axle gear and 15 in the 
pinion? 
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SoLuTIon.—The speed of the car axle, Table I, for 33-in. wheels 
and a speed of 20 mi. per hr., is 203.7 rev. per min. The gear has 
65 teeth and the pinion 15, hence the gear-ratio is . = 4.33. The 
speed of the armature is, therefore, 203.7 & 4.33 = 882 rev. per min., 
approximately. Ans. 


TABLE I 


REVOLUTIONS OF CAR AXLE CORRESPONDING TO 
VARIOUS CAR SPEEDS 


Sneed Seeod Speed of Car Axles (Revolutions per Minute) 


of Car of Car 


Miles per| Feet per 30-Inch | 31-Inch | 32-Inch | 33-Inch | 34-Inch | 35s-Inch | 36-Inch 
Hour Minute | Wheels | Wheels | Wheels | Wheels | Wheels | Wheels | Wheels 


59.3 57.6 56.1 


6 528 67.2 65.0 63.0 61.1 

8 704 89.6 86.7 84.0 81.5 79.1 76.8 74-7 
10 880 I12.0 | 108.4 | 105.0 | 101.8 98.9 96.1 93-4 
12 1,056 ueMIaZE 4 isezey (oy |) siwario) |! itapdaied | nenesaey a chutney |) GUAT 
14 UR | THO) || Tasty, || by) |) av@vey |) Weal | Geyins || neyeyy/ 


16 1,408 179.2 | 173.4 | 168.0 | 163.0 | 158.2 | 153.6 | 149.4 
18 1,584 200.7 |) T95.m) || TEQLO| 183-4) 9x75." | 72.0) | 168.0 


20 T70Om224-00 | s2TOns s/P2TO.On| 2Osr7e i aTO7eS. | TO2sT sl roOL8 
22 1,936 ZAG Ra Ne236-4 Nl 23 I.Oumecqe dal 207 5a e2T hese 2O5 5 
24 Ayes PAayeicca) |) PAOKLO) || PIO) |) WMI, Nl exeGiney Ni exerer Il aan ao- 


26 2,288 Qs | 25L.o) |e275.On le 204.0 25720 1 240.7) || 24260 
28 2,464 313.8 | 303.4 | 294.0 | 285.2 | 276.8 | 268.9 | 261.4 
30 2,040 |"'336.1 | 325-1 || 315.0 | 305.6 |-206.0 | 288.2 || 280.2 


2 2,816 358.4 | 346.8 | 330.0 | 326.0 | 316.4 | 307.4 | 298.8 
34 2,992 B80.0) | 30684. |) 35770 ||) 34023) 33052 9920.07 1) 317-0 
36 3,168 403.4 | 390.2 | 378.0 || 366.7 | 356.0 | 345.8 | 336.2 
38 3,344 | 425.8 | 411.8 | 399.0 | 387.1 | 375.7 | 365.0 | 354.9 
40 3,520 448.0 | 433.6 | 420.0 | 407.4 | 395.6 | 384.2 | 373.6 
42 3,696 | 470.6 | 455.2 | 441.0 | 427.8 | 415.3 | 403.5 | 392.3 
44 ChtS) 72 493.0 | 476.8 | 462.0 | 448.1 | 435.1 | 422.6 | 411.0 
46 4,048 | 515.4 | 498.5 | 483.0 | 468.5 | 454.8 | 441.9 | 429.7 
48 4,224 | 537.6 | 520.0 | 504.0 | 488.8 | 474.6 | 461.1 | 448.4 
50 4,400 560.2 | 541.8 | 525.0 | 509.2 | 494.4 | 480.3 | 467.0 


8. Various gear-ratios are used in practice, depending on 
the size of the motor and the speed at which the cars must 
run. Usually, the axle gear has from two to five times as 
many teeth as the pinion, the first value being found only on 
heavy high-speed cars. For ordinary city street cars, the 
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gear will usually have from four to five times as many teeth 
as the pinion. Involute teeth are used and the diametral 
pitch for ordinary street-car gears is three; i. e., there are 
three teeth for each inch diameter of the pitch circle. For 
heavy traction work, gears having a diametral pitch of two 
and one-half are employed in many cases. The distance 
between gear-centers for a given motor is fixed, hence the 
sum of the circumferences of the two pitch circles is fixed 
and any increase in the number of teeth in one gear must 
be accompanied by a corresponding decrease in the other; 
the sum of the number of teeth in the two gears must 
be constant. For example, suppose that a motor has a 
15-tooth pinion meshing with a 65-tooth gear; if the speed 
of the car is to be reduced by using a 14-tooth pinion, a 
66-tooth gear must be used. No matter what combination 
of gear and pinion is used, the total number of teeth must 
be 80, otherwise with the given distance between centers, 
the gears will not mesh properly. 


SELECTION OF MOTORS 


4. The selection of the type of motor for a given service 
is a subject that cannot be given too careful consideration. 
If the motors are not powerful enough, the cars will not be 
able to maintain the required schedule; or if forced to do so, 
there will be a large number of breakdowns and the bill for 
repairs will be heavy to say nothing of the loss due to inter- 
ference with the traffic. On the other hand, if motors much 
larger than required are installed, an unnecessary outlay of 
capital is entailed and the road is burdened with an expense 
that might have been avoided. Again, unnecessarily large 
and heavy motors involve a waste of power, because of the 
extra weight that must be propelled and also, to some extent, 
because of the greater iron losses in the larger motor. 
Finally, excess of weight means unnecessary pounding of 
joints and deterioration of track. 

In order to secure the best results, the selection can be 
made only after a careful consideration of all local conditions 
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affecting the power necessary to propel the cars. It is bet- 
ter to have the motors a little too large than too small, but 
at the same time it is not economical, from either the 
standpoint of investment or power consumption, to install 
motors much larger than are necessary. 


RATING OF MOTORS 


5. There has been much discussion as to the manner in 
which the output of street-railway motors should be expressed. 
The load that a motor can carry is limited by the heating 
effect, and it has become customary to rate motors according 
to the output, or brake horsepower, that they will deliver 
continuously for a period of 1 hour with a limiting rise in 
temperature of 75° C. above surrounding air at 25° C. For 
example, according to this rating, a 150-horsepower railway 
motor is one that will deliver 150 horsepower for 1 hour with 
arise in temperature not exceeding 75° C. above the tem- 
perature of surrounding air at 25° C. This method of 
rating is not wholly satisfactory, but it is useful in giving a 
comparative idea as to the capacities of motors and it is also 
of value in that it shows the performance of the motor as 
regards sparking and general behavior of the commutator 
and brushes. Moreover, it is a difficult matter to give a 
motor a shop test that exactly duplicates its service condi- 
tions; whereas, the l-hour test at full load is easily applied. 


6. Service Capacity.—In order to express more closely 
the output of which motors are capable in regular service, 
they are now very generally rated by the current that they 
can carry continuously, without overheating, under condi- 
tions that duplicate, as far as possible, those met with in 
regular service. 

The heating of a motor is due to the /’ & loss in the wind- 
ings and the core loss in the armature. The copper losses 
depend on the current, which, on a car in regular operation, 
is continually changing in amount. The current is large at 
starting, but rapidly falls off as speed is attained; while at 
times the car may coast along without any current. The 
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heating effect of the current is proportional to the square of 
the current at any given instant and the heating effect of the 
variable current will be the same as a steady current equal 
in amount to the square root of the mean square of the vari- 
ous values of the variable current. If then a motor is to 
operate without overheating, this square-root-of-mean-square, 
or effective, value must not exceed that which the motor 
could carry continuously and not for 1 hour only. It should 
be noted that the effective current is not the same as the 
average current taken by the car. If a test be made ona 
car during an extended run, the current can be recorded by 
means of a recording ampere meter or the total quantity of 
electricity applied can be measured by means of an ampere- 
hour meter. The number of ampere-hours divided by the 
number of hours during the test run gives the average value 
of the current. The heating effect is, however, proportional 
to the effective value and not to the average value, and the 
effective value can be found by taking the square of the cur- 
rent at sufficiently close intervals, finding the average value 
of these squares and extracting the square root of the average 
so found. In fact, the terms average and effective have here 
the same meanings that were explained in connection with 
alternating currents. The effective value of the current must 
be obtained from the current curve, because this curve is 
very irregular and does not follow any fixed law. There 
is no fixed relation between the effective value and the 
average value, though for a given class of service the 
relation can be determined approximately. The effective 
value may be anywhere from 25 to 100 per cent. greater than 
the average value, depending on the kind of service; for 
ordinary street-car service it will be about 35 per cent. 
greater. If, therefore, a number of trial runs showed that 
each motor of a car had to carry an average current of 
30 amperes, the effective current would be approximately 
30 + .85 x 80 = 40.5 amperes and the motors selected for 
the work should be able to carry continuously a steady cur- 
rent of this amount. On the other hand, a motor rated as 
being able to carry a steady current of, say, 830 amperes, should 
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not be made to carry an average current of more than 
80. 
1.35 
of course, only approximate, because the variable character 
of the service, number of stops, grades, curves, etc., make 
it practically impossible to give any relation between average 
and effective current that will be applicable to all classes 
of service. 


= 22.2 amperes in regular service. These values are, 


7. Intesting a motor to determine its service capacity, 
the voltage applied should be the average voltage on which 
the motor operates when used on a car. The core loss 
increases with the voltage, because the higher the voltage 
the higher is the speed of the armature and the more rapid 
are the reversals of the magnetism in the core. When a 
motor is in operation on a 500-volt circuit, the average volt- 
age applied is not 500 volts but is usually considerably less. 
When the car is at a standstill, no pressure is applied; and 
when being started a part of the applied pressure is taken 
up in the starting resistance. Again, as explained under the 
heading Speed Control, there are times when two motors 
are connected in series across the line, under which con- 
dition the pressure applied to each motor is only one-half 
the line voltage, or about 250 volts. For these reasons, the 
average pressure applied to the motors in ordinary city 
traffic will seldom exceed 3800 volts, and even in suburban 
traffic, where there are fewer stops, it will not often exceed 
-400 volts. In giving the rating of a motor in terms of the 
current that it can carry continuously, it is necessary, 
therefore, to state also the average voltage at which the 
current is supplied; in many cases, two current ratings are 
given, one at an average pressure of 300 volts and the 
other at 400 volts. 


MOTOR CHARACTERISTICS 


8. In determining the suitability of a motor for a given 
class of service, it is necessary to have information showing 
the performance of the motor. This is obtained from tests 
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made by the manufacturers, and is usually given in the form 
of curves, known as motor characteristics, that show the 
relation between the current, speed, tractive effort, brake 
horsepower, and heating effect. Fig. 1 is a set of these 
curves for a No. 68 Westinghouse motor. 


a 
LS 
1s 
oy 
Oy 
aA 
120 
ales 
At Gean Ratio, G8 to 14. 
= 
5 
_Q 
100 ~ 
5 
y 
ne 
90 & 
3 
~ 
~ 
80 3 
PS 
iS 
10 3500 


60 


60 


20 
2000 


80 


16500 


20 


10 


500 


9. Speed Characteristic.—The curves, Fig. 1, are 
drawn for a constant applied E. M. F. of 500 volts, which 
is the normal voltage at which the motor is intended to 
operate. As the current increases the speed decreases, 
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because of the increase in field strength, and the speed of 
the car, therefore, decreases as shown by the speed curve A. 
The speed of the car corresponding to any given current 
depends on the gear-ratio and the diameter of the wheels, 
hence both of these must be stated in connection with the 
curves. In this case, there are 14 teeth in the motor pinion 
and 68 in the axle gear, and the wheels are 33 inches in 
diameter. A curve showing the relation between armature 
speed and current would have the same general shape as A. 


10. Effect of Increase in Voltage.—An increase in 
voltage increases the speed in almost direct proportion. For 
example, in Fig. 1, the speed corresponding to 60 amperes 
is 12.5 miles per hour; if the pressure were increased from 
500 volts to 600 volts, the speed corresponding to the 
same current would be appreximately 12.5 x $33 = 15 miles 


per hour. 


11. Tractive Effort Characteristic.—Curve B shows 
the relation between current and tractive effort. This, of 
course, refers to the effort exerted by a single motor and 
gives the total force at the two wheels on which the motor 
is mounted; thus, for a current of 50 amperes, the total trac- 
tive effort at the rail head is 750 pounds, or 875 pounds 
at each driving wheel: The torque of a series motor 
increases rapidly with the current; hence, the tractive effort 
also increases, curve B having the same general shape as 
one showing the relation between motor torque and current. 


12. Relation Between Motor Torque, Gear-Ratio, 
Speed, and Tractive Effort.—Fig. ~2 shows the forces 
acting on a car wheel, gear, and pinion; 7 is the radius 
of the pitch circle of the pinion, 7’ that of the gear, and 7” 
that of the car wheel. When current flows through the 
motor, the torque or twisting action that is exerted on 
the armature and pinion depends on the value of the cur- 
rent and the electrical design of the motor. The motor 
torque will be #’7, when /” is the force exerted at the pitch 
circle; torque is always expressed as force X radius and 
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must not be confused with the force 7’. For a given torque, 
F' will vary with the radius of the pinion, but the product 
F'r will remain constant, because if x is increased or 
decreased /’ will be decreased or increased by a corre- 
sponding amount. The torque exerted on the axle is 7’ 7’ 
and is greater than /’ 7 because the radius, or lever arm 7’, 
is greater than 7. Since the number of teeth in a gear is 
proportional to its diameter or radius - = se oD Ze re 


where z is the number of teeth in the pinion and z/ the num- 


Pitch Circle 


Pitch Circle of Gear 


Oo Firion 


Fie. 2 


ber of teeth in the gear. The torque exerted on the axle is 
/ / 

IDV Sie EU Se ne = F’rx ”™. But F’r is the motor torque, 
"7z 


hence the torque exerted on the axle is equal to the motor 
torque multiplied by the number of teeth in the gear and 
divided by the number of teeth in the pinion, or, in other 
words, the torque exerted on the drivers is equal to the 
motor torque multiplied by the gear-ratio. 

The total tractive effort 7, Fig. 2, exerted at the rail head 
by both wheels, is equal to the torque F”’ 7’ divided by the 


n! 
wale 


wheel radius 7”. Thus, F=£" = pr _# _ Fr ye 


yl! yl yl nN 
If #’ 7 is expressed in pound-feet, and, if iastead of 7’, the 
wheel diameter d@” is used, the formula becomes 


eee (1) 
1/7 
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where / = total tractive force, in pounds per motor; 
"y= motor torque, in pound-feet; 
d’’ = diameter of wheel, in inches; 
mn’ = number of teeth, in gear; 
m2 = number of teeth, in pinion. 


EXAMPLE.—A car is equipped with motors, having 15-tooth pinions 
and 65-tooth gears, mounted on 33-inch wheels. What will be the 
tractive effort per motor when the current is such as to give a motor 
torque of 300 pound-feet? 

SOLUTION.—In formula 1, #’7 = 300, d’ = 33, 2! = 65, 2 = 15. 
Hence, 

_ 24 X 300 |, 65 


33 Ras 945 lb., approximately. Ans. 


18. The number of feet traveled per minute by a car is 
S416 07s! 


12 
s’ the axle speed, in revolutions per minute. Since 1 mile 


per hour is equivalent to 88 feet per minute, the speed, S, of 
3.1416 d/’s! 
12 x 88 


_ als 
Bos 336.1 ) 


, where d” is the wheel diameter, in inches, and 


the car, in miles per hour, is S = 


14. Effect on Speed of Change in Gear-Ratio.—In 
Fig. 1, the curves of tractive effort and speed are drawn for 
a gear-ratio of 68 to 14 and for 33-inch wheels. Assuming 
that the wheel diameter remains unchanged, let us see what 
change will be made by substituting gears having a ratio of 


64 to 18. ‘The ratio is thus decreased from - = 4.86 to a 
; Tt of 
= 3.56. From formula 2, the car speed is S = woe 
336.1 


s’, the speed of the axle, is equal to a. where s is the motor 
W 


un 


ges 


336.1 ~ 
2 


/ 
speed and ” the gear-ratio; hence, S = For a 
n 


given current, the speed s of the motor has a certain fixed 
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! . 
value and if ” is made smaller, i. e., if the number of teeth 
WL 


in the gear is decreased and the number in the pinion corre- 
spondingly increased, it follows that, for the given current, 
the speed S of the car will be increased. The speed corre- 
sponding to the new gear-ratio will be equal to the speed at 
the original ratio multiplied by the original ratio and divided 
by the changed ratio. In this case, the original ratio is 
" = 4.86 and the changed ratio 3 = 8.56. Taking a cur- 
rent of, say, 50 amperes, the speed with the original ratio is, 
from curve 4, about 13.8 miles per hour. With the changed 
ratio, the speed corresponding to the same current would be 
13.8 X 4.86 
3.56 
obtain the higher speed with the same current, the weight of 
car would have to be lessened. By calculating the speed 
corresponding to various currents, the dotted curve A’ 4’ 
can be drawn to represent the speed for all current values 
at the new gear-ratio & 


18 


= 18.8 miles per hour. In order, however, to 


15. Effect on Tractive Effort of Change in Gear- 
Ratio.—A change in gear-ratio affects the tractive effort 
as well as the speed. Fora given current, the power deliv- 
ered by the motor remains the same, no matter what the 
speed or tractive effort may be. A decrease in the gear- 
ratio causes an increase in speed, as indicated by curve 4’ 4’; 
and, as the power curve C remains unaltered, the ‘increased 
speed corresponding to a given current must be accompanied 
by a decreased tractive effort. This is also plain from 
formula 1, in which any decrease in oa makes / smaller. The 
tractive effort with the changed ratio will therefore be equal 
to the tractive effort with the original ratio, multiplied by 
the changed ratio and divided by the Original ratio. For 
example, in Fig. 1, the tractive effort for a current of 
50 amperes is 750 pounds with the original ratio; with the 
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750 X 3.56 
4.86 
calculating the tractive effort corresponding to a number 
of different current values, the dotted curve A’ B’ can be 
drawn, and curves A’ dA’ and #’ #’ taken together repre- 
sent the changed performance due to the change in gear- 

68, 64 


tio f —- {0 —. 
ratio from 4 Os 


new ratio, the effort will be = 549 pounds. By 


16. Effect of Change in Wheel Diameter.—With a 
given gear-ratio and current, a reduction in the wheel 
diameter causes a corresponding reduction in the speed of 
the car and vice versa. A decrease in the wheel diameter 
has the same effect as an increase in the gear-ratio. 


17. Effect of Changing Gear-Ratio on a Given 
Equipment.—lIt is sometimes important to know the prob- 
able change that will be made in the speed of a given car 
when the gear-ratio is changed, the weight of the car and all 
other parts of the equipment remaining the same. If the 
motor characteristics for the original gear-ratio are at hand, 
the new speed under the changed conditions can be deter- 
mined approximately, as follows: Calculate two curves, as 
explained for A’ A’ and B’ B’, Fig. 1, to suit the new con- 
ditions. From the known weight of car, the tractive effort 
can be determined approximately, and the speed and current 
corresponding thereto can be read off from the curves drawn 
for the new gear-ratio. For example, suppose that curves 4 
and & represent the performance with the original gear-ratio 
of i and that the ratio is changed to _ Curves A’ A’ 
and 4’ &’ then represent the performance under the changed 
conditions. With the original gearing, a test showed that 
the car ran at a speed of 13.8 miles per hour on the level 
and required a current of 50 amperes per motor; the corre- 
sponding tractive effort was therefore 750 pounds per motor. 
With a fixed weight of car the increase in speed does not 
cause much change in the tractive effort and for low speeds, 
such as are now under consideration, it may be taken as 
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750 pounds under the changed conditions. With the changed 
gear-ratio, a tractive effort of 750 pounds corresponds to 
a current of about 61 amperes, as shown by curve B/S’; 
and a speed of about 17.25 miles per hour as shown by 4’ J’. 
The change in gear-ratio has therefore caused an increase in 
speed, but the increase is not as great as the mere change 
in gearing would lead one to expect. If the change in gear- 
13.8 < 4.86 
3.56 

=18.8 miles per hour. However, in order to drive the car at 
the higher speed, more power must be supplied and the cur- 
rent must therefore increase, thus necessitating an actual 
decrease in the motor speed. Because of this change in 
motor speed, with change in current, the final speed of the 
car must be determined from the characteristic curves for 
tractive effort and speed, drawn so as to take into account 
the change in gearing. Since, with a fixed weight of car, an 
decrease in gear-ratio is accompanied by an increase in cur- 
rent, a point is soon reached beyond which any further.change 
in gearing will cause serious overheating of the motors. 


ing alone were considered, the speed would be 


18. High-geared motors take very large currents during 
the acceleration period unless the controllers are carefully 
handled, and as a general rule motors should not be geared 
any higher than is necessary to allow the cars to maintain 
their schedule with a fair margin; any higher gearing simply 
causes waste of current and throws an unnecessary load on 
the equipment. In case the weight of the car is not fixed, 
a motor can be geared for higher speed without increasing 
the current. For example, a pair of motors might be taken 
off a heavy car and placed on a lighter one that requires a 
smaller tractive effort. If the limiting current is to be 
the same in each case, the motor torque and the speed of the 
armature will remain unchanged. Hence, assuming that the 
wheel diameters are not changed, the smaller tractive force 
can be obtained by decreasing the gear-ratio and, since the 
armature speed remains constant, there will be a correspond- 
ing increase in the car speed. The power supplied to the 
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motors remains the same as when they were on the heavier 
car, the tractive effort being smaller and the speed corre- 
spondingly higher. 

Therefore, in making changes in the gearing, the weight 
of car must be kept in mind; if it is not changed in any way, 
the increased speed may be obtained at the expense of over- 
loading the motors; but if the motors are placed on a lighter 
car, the increased speed may be secured without any increase 
in the current or even with smaller current if the second car 
is very much lighter than the first. 


19. Heating Characteristics.—Curve D, Fig. 1, shows 
the time that it takes the temperature of the motor to rise 
from 25° C. to 75° C. when carrying various currents. Thus, 
a load of 70 amperes can be carried for 60 minutes if the 
motor is started at a temperature of 25°, so that on the 
1-hour rating this motor will have a capacity of about 
388 brake horsepower. However, under ordinary running 
conditions, the motor is much hotter than 25° C., and the 
time during which it can carry a given current without rising 
above 75° C. will be much less than is indicated by curve D; 
the length of time that the motor can carry a given current 
without overheating is shown approximately by curve 4, 
which allows for a rise of 20° C. in the interior of the 
motor after the motor has attained a temperature of about 
55° C. For example, if it is running at 55° C., it will carry 
a steady current of, say, 50 amperes, or a variable current of 
which the effective value is 50 amperes, for 30 minutes before 
reaching 75° C. If the average working temperature were 
less than 55° C., the currents could be applied for a propor- 
tionally longer period without causing a temperature exceed- 
ing 75° C.; the current referred to is the current per motor, 
not the current per car. In making current tests on a 
motor, the ammeter should be connected in series with 
the motor and not in series with the trolley. Most cars are 
equipped with at least two motors operated in series at low 
speeds, in which case the current in each is the same as the 
total current, but at high speeds the motors are in parallel 
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and the current in each is approximately half the total. The 
average current per motor is, therefore, more than half 
the total current. Curve Z is useful in fixing the max- 
imum loads that the motor may take during rush hours or 
periods of unusually heavy load. 


EXAMPLES FOR PRACTICE 


1. If a car is mounted on 34-inch wheels and the motors have a 
gear-ratio of > what will be the total tractive effort per motor, when 


the motor torque is 300 pound-feet? Ans. 900 lb. 
2. If the gearing on a car is changed as shown in Fig. 1, and if 
the tractive effort per motor remains constant, at 1,000 pounds, what 
will be the change in car speed caused by the change in gearing? 
Ans, From 123 mi. per hr. to about 15.3 mi. per hr. 
3. A car is mounted on 33-inch wheels and the motors have a gear- 
ratio of ey 
15’ 
minute, when the car is running 16 miles per hour? 
Ans. 706 rev. per min. 


what will be the speed of the armature, in revolutions per 


TYPES OF MOTORS 


20. Direct-current motors, series-wound for 500 to 
650 volts, are used on nearly all electric railways. At first, 
two-pole motors were used but these soon gave place to the 
four-pole type. Fig. 3 shows some of the field constructions 
used for well-known motors. (a) is the old Thomson- 
Houston W. P. 50 (waterproof) motor; it has a two-pole 
field with a single magnetizing coil. (4) is the old Edison 
No. 14, which has a four-pole field with two field coils. (c) is 
the General Electric 800 (G. E. 800) motor field which is 
similar to the Edison No. 14, but is turned up the other 
way. (d) shows the four-pole magnet frame introduced 
about 1891 by the Westinghouse Company in their No. 3 
motor; it has four poles set on the diagonal, each pole being 
provided with a field coil. (e) shows a field about as used 
on a modern motor. The frame is of cast steel in order to 
secure lightness and the pole pieces, instead of being cast 
with the frame, are built up of sheet-iron stampings bolted 
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to the frame. This laminated-pole construction reduces 
heating in the pole pieces and also tends to keep down 
sparking at the commutator. The constructions indicated in 
(a), (6), (c), and (d) are now obsolete, but many motors in 
which they are used are still in operation. 

Railway-motor armatures are always of the slotted type, 
the coils being wound on forms and then placed in slots on 
the core. In the earlier slotted armatures, a large number 
of slots were used, generally from 87 to 105. This was 
necessary because, if the slots were made coarse, it was 
found that they caused the magnetism in the pole pieces to 
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Fic. 3 
vary to such an extent that the solid poles would heat con- 
siderably. By laminating the poles, it has been found 
possible to reduce the number of slots to about one-third the 
number formerly used, thus making them very much larger, 
cheapening the cost of production, and making the motor 
operate better generally. 

A number of sizes and types of railway motors have been 
brought out from time to time by the leading manufacturing 
companies, in order to keep pace with improvements in 
design or to meet new traffic conditions. Some of the older 
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motors made by the General Electric Company were desig- 
nated by the number of pounds tractive effort they could 
exert with full-load current when provided with standard 
gearing and mounted on 33-inch wheels. Thus, the G. E. 
(General Electric) 800 motor can exert a tractive effort of 
800 pounds under these conditions; a G. E. 1,000 motor can 
exert 1,000 pounds; and so on. This method of rating has 
been abandoned and motors are now designated by arbitrary 
numbers, as, for example, G. E. 52, G. E. 54, etc. Westing- 
house motors are also designated by numbers, as, for example, 
No. 3, No. 49, No. 56, ete. Table II gives the horsepower 


TABLE II 
OUTPUT OF RAILWAY MOTORS 


Output in Output in 

Type of Motor Horsepower Type of Motor Horsepower 
(Railway Rating) (Railway Rating) 
(Endy kore) BGS 27 Gao tase ene 75 
Ga Bae 000m Bir 35 Ge ae eee 65 
Ce ian Gulsy 5 5 ¢ 80 Westinghouse 12A 30 
Cm Sa Sth a a 27 Westinghouse 38B 50 
Gate 54a oes 25 Westinghouse 49 . 35 
Ges mercer ea: 160 Westinghouse 50L 150 
Gees yeas 50 Westinghouse 56 . 60 
GRE AOOte eee oe 125 Westinghouse 69. 30 
(Cay, A 38 Lorain No. 34 .. 50 
(Cede We 6 & oe 40 


output, based on a run of 1 hour, with a rise in temperature 
of 75° C. above surrounding air at 25° C., for a number of 
the motors in most general use. Since all modern railway 
motors are very similar in their general construction, it will 
be sufficient to describe here a few typical examples. 


G. E. 52 MOTOR 
21. Field-Frame Construction.—As an example of a 
small motor intended for ordinary city traffic where light 
cars are operated, the G. E. 52 motor may be taken. Fig. 4 
is a rear view showing the general shape of the field frame, 
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which, as in all modern motors, is shaped so as to com- 
pletely enclose the armature, commutator, brushes, and field 
coils. The field frame is roughly hexagonal in outline and 
is made in halves, which are held together by bolts. The 
two arms 6,4 extending from the back of the motor receive 
one-half the axle bearing, which is in the shape of a split 
bushing. The axle-bearing caps c,¢ are provided with 
grease boxes, and the grease or oil is fed on the axle by 
means of pieces of felt from underneath as well as from the 
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grease cups on top. The bolts d,d hold the pole pieces and 
field coils in place. The removable cover e allows access 
to the commutator and brush holders. The lower armature- 
bearing caps f are separate from the lower half field A, 
and by leaving these caps in position, the lower half field 
may be swung down, leaving the armature in the upper 
half, as shown in Fig. 5. By removing the bearing caps, 
the armature can be lowered with the field, thus leaving the 
upper field coils and pole pieces exposed, as shown in Fig. 6. 
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22. Capacity. 


The G. E. 52 motor has an output of 
27 horsepower, based on a run of 1 hour with a 75° C. rise 
in temperature. The motor is intended for ordinary street- 
railway work and is not recommended for the heavier 
kinds of traffic. 


23. Pole Pieces.—The motor has four poles provided 
with flanged pole pieces that are laminated; the flanges serve 
to hold the field coilsin , 
tions not only do away f 
with a great deal of heat 

in the pole piece, but 

from the way in which | 

= aSSey renee , { " 

produce a magnetic field O} 

that does away with 
eter” 

at the brushes. The 

of iron plates shaped 

piece of these plates every other plate is turned end for end 
with the result that, along*the center part of the pole piece, 
the plates are close together, but on the horns only half 
of the plates come out on each side, as shown in Fig. 7 (a). 
This plate construction largely prevents sparking at the 
brushes, because the thinning out of the metal on the horns 
of the pole pieces produces a shaded field or fringe. ‘This 
shaded field provides a fringe that reverses the current in the 
coil passing under the brush, and hence brings about the 


place, and the lamina- Z 
pole pieces are made (a) 
Fic. 7 
like the full-line part of Fig. 7 (4). In building up the pole 
change in the direction of the current with but little sparking. 


24, Field Coils.—The field coils are wound on forms, 
and while the asbestos-covered wire is being wound it is 
treated, with a mixture of chalk and japan and afterwards 
baked. The coils are heavily insulated with tape and insu- 
lating varnish and are given a glazed surface that will readily 
turn off water and prevent moisture from getting in. 
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25. Armature.—Fig. 8 shows a half section of the 
G. E. 52 armature, and its construction is typical of many 
of the railway-motor armatures now in use. The core is 
provided with 29 slots. One side of 6 coils goes into each 
slot, so that there are 87 coils altogether, and the commu- 
tator has 87 bars. The coils are bunched in groups of 
three, one side of one bunch going into the bottom of a 
slot, and one side of another into the top of the same 
slot. In Fig. 8, aa is the laminated armature core and 


b, 6’ the upper and lower halves of two coils lying in 
the same slot.. The ends of the coils, where they project 
from the core, are supported and protected by the end 
shield c. The leads from the coils are connected to the 
commutator bars @, which are mounted as shown. The 
flanges e,e are for preventing grease and oil working 
their way into the armature. The bearings are so arranged 
that any oil getting on e.e drops through an opening to 
the street. 


26. Brush Holders.—Railway-motor brush holders 
are fixed permanently at the neutral point and are not 
arranged so that they can be shifted, as is the case with 
many other direct-current machines. The reason for this is 
twofold: In the first place, the motor has to run in either 
direction; and in the second place, the variations in load 
are so sudden that any brush-shifting arrangement is out of 
the question. The brushes are, however, mounted so that 
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they can be moved radially toward the center of the com- 
mutator as the latter wears away. 

Fig. 9 shows the brush holders and brush-holder yoke 
of the G. E. 52 motor. The yoke a, which is made of 
well-seasoned hardwood 
treated with insulating 
material, is bolted to 
the upper field frame 
by means of bolts 4, 3d. 
The brush holders 4, 
are fastened to brass 
slides on a by means 
of bolts 4c. ~All -rail- 
way motors use carbon 
brushes; in this case, 
two brushes 2¢ in. X 14 in. X 4 in. are used in each holder. 


G. E. 70 MOTOR * 


‘2%. Figs. 10 and 11 show the G. E. 70 motor, which rep- 
resents one of the latest types having an output sufficiently 
large to adapt it for use on suburban cars; its output is 
40 horsepower based on the 1-hour rating. The field is 
made in halves, as shown in Fig. 10, but unlike nearly all 
the earlier types of motor, the dividing line between the 
upper half a and the lower half J is not through the center 
line of the motor. The upper part lifts off as shown, and 
dowels c,d serve to guide it into place when it is lowered 
into position. The armature bearings are carried in malle- 
able cast-iron frame heads e, f, Fig. 11, and after these have 
been unbolted and the top part of the field removed, the whole 
armature can be lifted out. The object of this design is to 
make it convenient to work on the motor, from above rather 
than from a pit underneath, as it is becoming common prac- 
tice to remove the car bodies from the trucks and work on the 
motors from above when thorough overhauling is required. 

The bearings consist of a bronze lining, or shell, lined 
with a very thin layer of Babbitt metal that is thoroughly 
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soldered to the bronze. The Babbitt is so thin that even 
should the box become hot enough to melt it, the armature 
will not be lowered sufficiently to rub on the pole pieces. 
The bronze linings are held securely in the frame heads eg, f, 
and as the latter have a large bearing surface on the frame 
and are bolted securely thereto, it is practically impossible 
for the bearings to get out of line. 


y) 


ny 
a 
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All bearings are designed for oil lubrication, which is 
effected in much the same way as on regular car-axle bear- 
ings. The linings are in the form of sleeves with openings 
cut in one side so as to expose the shaft to oily waste that 
is packed in oil wells, or boxes, cast in the frame heads or 
in extensions of the brackets that form the axle bearings. 
The oil boxes are protected by hinged covers held closed by 
springs. The waste is arranged so that it presses against 
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the lower part of the shaft and all oil before reaching the 
shaft must filter through the waste above. If any dirt acci- 
dentally gets into the boxes, it is thus prevented from reach- 
ing the shaft. This method of lubrication has been found 
superior to the old method of using grease. Oil deflectors on 
the armature shaft prevent oil from reaching the armature 


and commutator, by throwing it into recesses from whence 
it drops through to the street. 


3 


4 unis 


The four field coils are held in place by the projecting 
flanges of the laminated pole pieces and, to minimize the 
chances of abrasion, flanges of steel are placed between the 
coils and the surfaces with which they come in contact. 
The coil winding is of the so-called ‘‘mummified’”’ type, 
mica and asbestos being used as insulating materials. Each 


coil is covered with insulating fabric thoroughly treated with 
waterproof compound. 
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G. E. 69 MOTOR 

28. This motor, Fig. 12, is of 200-horsepower capacity 
and represents one of the most powerful types used on 
elevated and underground roads. Its field frame a is of the 
box type, so called because it is cast in one piece, and is 
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approximately cubical in outline. The bearings are carried 
in frame heads, one of which is shown at 4, in the same way 
as for the G. E. 70 motor. The heads project within the 
motor, thus reducing the distance between centers of bear- 


a 


Mit 


ings and economizing space, because with these large motors 
it is difficult to find sufficient space for them between the 
wheel hubs. Openings c,d are provided on each side and on 
top of the motor in order to give access to the inside; under 
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normal conditions, these openings are covered by plates 
bolted in place; one of the field coils is shown at e. With 
motors of the box-frame type, the armature is removed 
endwise by taking out either frame head and sliding the 
armature through the opening. Fig. 13 shows a stand by 
means of which armatures can be easily removed from this 
type of field. The motor is placed on a sliding carriage a 
and the armature held between centers 4,c. After the frame 
head d has been loosened, the field can be moved to the 
right by turning wheel e, thus leaving the armature exposed. 


WESTINGHOUSE NO. 86 MOTOR 


29. Fig. 14 is a sectional view of a Westinghouse No. 86 
motor, having an output of 200 horsepower based on the 
l-hour rating, and intended for the same class of work as 
the G. E.69. The arrangement of the inwardly projecting 
bearings is clearly shown—the bearing at the pinion end 
projecting under the armature head and that at the other 
end projecting under the commutator. The field is made in 
two parts and the four poles are arranged diagonally instead 
of vertically and horizontally, as in the large General Electric 
motors in which the box type of frame is used. In nearly all 
large motors, both armature and field coils are wound with 
copper strip or bar instead of wire. 


WESTINGHOUSE NO. 56 MOTOR 


80. The motor shown in Fig. 15 is typical of a number 
of Westinghouse motors that vary in size but have the same 
general construction. This motor, the No. 56, is designed 
for the heavier kinds of city and suburban traffic, and is 
capable of carrying continuously a current of 50 amperes at 
an average pressure of 300 volts. On the basis of a 1-hour 
rating, its capacity would be about 60 horsepower. In 
Fig. 15, 4, A’ are the top and lower halves of the field 
frame, which is made of mild cast steel; lid Cmay be thrown 
back to get at the commutator and brushes. The armature 
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leads are shown at a,a’ and the field leads at f, £’; post @ is 
used for making the connection to the ground. The lug 7 
is for hanging the motor when a nose suspension is used. 
With a cradle suspension, the side bars pass through the 
rectangular openings ~ at each end of the motor. The wires 


shown at ¢ connect the top and bottom field coils together. 
The pole pieces are laminated and held in position by the 
bolts 4, ’, and the armature bearings are so arranged that 
the armature may be either swung down with the lower 
half or retained in the upper half. 


ALTERNATING-CURRENT MOTORS 


31. Alternating-current motors for railway work 
have so far been used comparatively little. Both the 
Westinghouse and General Electric motors are of the series 
type and their construction and general appearance are on 
the whole very similar to ordinary direct-current motors; in 
fact, they will operate on either direct or alternating current. 
One of the chief points of difference is that the whole 
magnetic circuit of the alternating-current motor field must 
be laminated in order to prevent eddy-current loss due to the 
alternating magnetic flux. The field core is built up of iron 
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stampings and slipped inside of a housing, so that the out- 
ward appearance and general mechanical construction are 
practically the same as for direct-current motors. The 
motors also include some special features in design, intro- 
duced to prevent sparking at the brushes. In the General 
Electric so-called compensated motors, the field winding 
instead of being wound on definite projecting poles, is dis- 
tributed in slots in a manner similar to the field winding of 
an induction motor. The compensating winding counteracts 
the effects of armature reaction and prevents sparking. In 
the Westinghouse motors, the field coils are wound on pro- 
jecting pole pieces. In both types of motor, the construction 
of armature and commutator is practically the same as for 
direct-current motors. 

It is much easier to build satisfactory alternating-current 
motors for low voltage than for high voltage, and as the 
alternating current is easily stepped down to any voltage 
desired, they are usually wound for 200 to 225 volts, instead 
of 500 volts. When it is desired to operate the motors on 
500-volt direct current, as well as on alternating current, 
they are connected permanently in series, in pairs. The 
standard frequency is 25 cycles per second, since a low fre- 
quency is necessary for satisfactory operation of motors of 
this type. 


MOTOR LUBRICATION 


32. The question of proper lubrication for railway motors 
is an important one. Insufficient lubrication not only causes 
a waste of power but it may lead to much damage to the 
equipment by allowing the bearings to wear so as to let the 
armature down on to the pole pieces. In the older motors 
grease was used as a lubricant, but it is fast being super- 
seded by oil. Grease does not feed down until the bearing 
becomes warm enough to melt it, whereas oil furnishes con- 
tinuous lubrication. On many of the later motors, lubrication 
is effected by means of wool waste saturated with oil, as 
described in connection with the G. E. 70 motor, this method 
having proved very simple and efficient. 
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In order to allow oil lubrication on old motors provided 
with grease cups, a number of oil lubricators have been 
designed. In some cases, these have not proved satisfactory 
because the oil fed down while the cars were standing in the 
barn at night, thus causing much waste. Fig. 16 shows an oil 
lubricator, made by the Standard Automatic Lubricator Com- 
pany, for attaching to motors 
built for grease lubrication. 
The cast-iron oil cup a, pro- 
vided with a lid 6 normally 
held closed by a spring, is 
mounted on top of the grease 
cup; the cover on the old cup 
is removed and a is held in 
place by the projecting lug ¢; 
the lower part d projects into 
the grease cup, which is filled 
with loosely packed waste. 
The opening in d is closed by 
a ball valve e held against its 
seat by a spring f, the tension 
on which is adjusted by nut g 
so that no oil can pass out 
while the car is standing still. 
When the car is in motion, the 
vibration and knocks to which 
it is subjected unseat e so that oil can flow on to the waste. 
Thus, there is no waste of oil while the car is standing 
still, but the oil feeds as long as the car is in motion. For 
shafts less than 2? inches diameter, a feed of § inch of oil in 
the cup should be sufficient for 100 miles of car travel; for 
larger shafting a feed of about i’¢ inch should be allowed. 
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ARMATURE WINDINGS FOR RAILWAY MOTORS 


33. The armatures of railway motors are nearly always 
of the four-pole drum type; on some of the older motors 
ring windings were used, but these are now obsolete. The 
coils are wound on forms, and after being covered with 
insulating tape are placed in the slots on the core. They are 
always arranged in two layers so as to cross each other at 
the ends without interfering, and are connected to the com- 
mutator to form a two-circuit or series winding. The total 
number of coils must fulfil the relation C = ; se 9a es IL 


where Cis the number of coils, A the number of poles, and 
Y the pitch of the coil terminals on the commutator; thus, if 
one end of a coil connected to bar 1, and the other to bar 58, 
the pitch Y would be 538 — 1 = 52. Since in nearly all rail- 


way motors p = 4, E = 2 and 5 x Y is an even number; 


hence, Ex Y + 1 is an odd number no matter what the 


value of Y may be. 

In many armatures, two or more coils are taped together 
to form a winding element and the number of coils may 
therefore be different from the number of slots. If there are 
2 or 4 coils per slot, the total number of coils will be even 
no matter what the number‘of slots may be, and the winding 
will therefore not connect properly. For example, take the 
Westinghouse 12A armature, Fig. 18; there are 47 slots and 
each winding element consists of 2 coils taped together; 
hence, there are 94 coils. But 94 coils will not fulfil the 


relation C = Ex Y=+ 41, because the number of coils must 


be odd; hence, one coil is cut out by cutting off its terminals 
and taping the ends over. This leaves 98 coils to be con- 
nected and the dead, or “‘dummy,”’ coil is left in the armature 
simply to maintain the mechanical balance. These so-called 
dummy coils are found in a number of armatures, but the 
later motors are generally designed so as to avoid them. 
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34. The series winding has many advantages for railway- 
motor work, not the least of which is that it requires only 
two brushes; if four brushes were used, as would be neces- 
sary with a parallel winding, the lower brushes would be 
very hard to get at. Another advantage is that uneven cen- 
tering of the armature due to wear in the bearings or other 
causes does not produce an unbalanced electrical condition, 
as might be the case with a parallel-wound armature not 
provided with equalizing rings. 

It is not possible to show here all the connections for 
standard railway-motor armatures. Figs. 17 and 18 show a 
- number of the most common ones, and if these are thoroughly 
understood there will be no difficulty in following out the 
connections of other armatures. For convenience in indi- 
cating the connections, a slot on the core is taken and called 
slot Vo. 1, then the commutator bar directly in line with slot 
1 is marked No.1. Practice varies as to the methods of 
numbering and counting off the bars, but the three main 
things to be considered are: the throw of the coil leads, the 
number of bars between leads, and the spread of the coils on 
the core. The throw of the leads determines the location 
of the brushes with respect to the pole pieces. For example, 
in the G. E. 800 armature, Fig. 17, one coil lead is brought 
straight out to the commutator bar because the pole pieces 
are arranged vertically and horizontally and it is desired to 
have the brushes located on the diagonals as shown. In 
the Westinghouse No. 3, Fig. 18, both coil leads are given a 
throw so as to bring the brushes as shown, the pole pieces 
being located on the diagonal; for example, the lead coming 
from the bottom of slot 1 is connected to bar 84, found by 
counting off thirteen to the left from bar 1. In the 
G.E.55, the two throws are unequal, thus bringing the 
brushes into a position at a slight angle from the vertical 
and horizontal. 


35. G.E.800.—This armature, Fig. 17, has 105 slots 
and 105 coils. The coil pitch is 26 slots; i. e., the two sides 
of a coil drop into slots 1 and 27. The coil terminals have a 
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pitch of 52 bars on the commutator, or if one end connects to 
bar 1, the other connects to 1 + 52 or bar 53. Thus, Y = 52, 
105 = 2x 52+4+1, and the requirements for a two-circuit 
winding are fulfilled. The second coil would be dropped 
into slots 2 and 28, and its terminals connected to bars 2 
and 54. After the first coil has been placed in position and 
its leads connected the others follow in rotation, so that in 
nearly all the diagrams only one coil is shown. 


386. G.E.1,000.—The G. E.1,000 armature, Fig. 17, has 
93 slots and 93 coils having a pitch of 23 slots on the core. 
The pitch of the coil terminals on the commutator is 46 bars. 
The coil lead ad is thrown back as shown, but in many cases 
it is taped in with the coil and appears as a lead coming out 
at the bend c of the coil and is therefore connected to the bar 
directly opposite the bend. ‘This armature could also be 
connected as shown by the dotted lines, thus making the coil 
leads more symmetrical. With the same field connections, 
an armature connected as shown by the dotted lines would 
run in the opposite direction from one connected as shown 
by the full lines. 


o7. G.E.51B.—The G.E.51B armature, Fig. 17, has 
87 slots, 3 coils per slot, or 111 coils. This is an example 
of an armature where each winding unit consists of 3 coils 
taped together. The pitch on the armature core is 9, the 
coils dropping into slots 1 and 10. The corresponding coil 
leads are marked a,6,c, and the throw is the same at each 
side of the coil, thus bringing the brushes opposite the 
center of the pole pieces. The pitch of the coil leads on the 
commutator is 55. The commutator pitch Y in any of 
the diagrams can be found as follows: Take, for example, 
the G. E.51B, and call the bar to which the upper middle 
lead 6 is connected bar 1, instead of 98 as marked. Then 
count around under the coil until the bar to which lower 
lead 6 connects is reached. This will be bar 56, and the 
commutator pitch Y is therefore 56 —1 = 55. 


38. G.E.52.—The G.E.52 armature, Fig. 17, has 
29 slots; 3 coils per slot, or 87 coils; the coils span 7 slots. 
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Each winding unit consists of 3 coils taped together and cor- 
responding terminals of the 3 coils are lettered a,b,c. The 
span, or pitch, on the commutator is 48, and 87 = 2 x 484+ -1. 


39. G.E.54.—The G.E.54 armature, Fig. 17, has 
29 slots; 4 coils per slot, or 115 coils. The coils have a 
pitch of 7-slots on the core. This is an example of a winding 
where one coil has to be left dead in order that the coils may 
connect up to form a two-circuit closed-coil winding. If all 
the coils were used, there would be 29 x 4 = 116, and this 


number would not fulfil the relation C = oY + il, IGE yay 


attempt were made to use 116 coils, the winding would close 
on itself after progressing once around the commutator. 
By cutting out 1 coil and using a pitch of 57 on the com- 
mutator, we have 115 = 2 x 574+ 1 and the winding require- 
ments are fulfilled. Fig. 17 shows one of the regular 
winding units in place and also the unit with 1 coil cut out. 
Usually in winding armatures where there is a dummy coil, 
the first coil put on contains the dummy, though it makes no 
difference which coil is selected. 


40. G.E.55.—This motor is of large size and has an 
armature wound with copper bar. The field frame is of the 
box type, and in order to bring the brushes opposite the 
opening in the frame the leads of the coil connections, 
Fig. 17, are different on the two ends. The armature has 
47 slots with 3 coils per slot, each coil being a single loop 
of copper bar. The sides of a winding unit have a pitch of 
12 slots on the armature core. 


41. G.B.57.—The G/E.57 armature, Fig. 18, has 
33 slots, 3 coils per slot, or 99 coils. The winding units 
have a pitch of 7 slots; i,e., the unit is placed in slots 1 and 8. 
The pitch on the commutator is 49, and 99 = 2 x 49+ 1. 


49— G.E.67.—The G.E.67 armature, Fig. 18, has 
37 slots, 3 coils per slot, or 111 coils. The coil pitch on 
the armature core is 9, and the pitch of the coil leads on the 
commutator is 55. : 
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43. Westinghouse No. 3.—The Westinghouse No. 3 
armature, Fig. 18, has 95 slots and 95 coils. The pitch of 
coils on armature core is 24. The pitch of coil leads on 
commutator is 48, and 95 = 2x 48 — 1. 


44. Westinghouse No. 12 or 12A.—The Westing- 
house No. 12 or 12A armature, Fig. 18, has 47 slots, 2 coils 
per slot, or 93 coils. The pitch of the coils on the core is 
11 slots. This armature has a dummy coil, so that the 
number of coils to be connected is one less than twice 
the number of slots. In order to distinguish the corre- 
sponding ends on each winding unit, they are marked white 
and black, as indicated by the letters w and 6. 


45. Westinghouse No. 38 or 38B.+-The Westing- 
house No. 38 or 88B armature, Fig. 18, has 45 slots, 3 coils 
per slot, or 1385 coils. The coil pitch on the armature core 
is 10, the coils dropping into slots 1 and 11. The coil ter- 
minals are marked red, black, and white, as indicated by the 
letters 7, 6, and w. 


46. Westinghouse No. 49.—The Westinghouse No. 49 
armature, Fig. 18, has 59 slots, 2 coils per slot, or 117 coils. 
This armature has a dummy coil, otherwise the number of 
coils would be even and the armature would not connect up. 
The coil pitch on the armature core is 138. 


FIELD COILS 


47. One of the most common sources of trouble in con- 
nection with street-railway motors is wrongly placed or 
connected field coils. Few have any idea of the great 
amount of trouble a wrongly connected field coil may 
cause; its effect is felt long after the trouble has been found 
and removed. It not only injures itself, but it injures the 
other field coils and the armature. The armature probably 
heats to such an extent that the commutator connections 
become unsoldered and the fields gradually bake inside. The 
chances are that before the trouble is discovered and 
removed there may be grounded brush holders, armatures, or 
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fields, due to the current jumping across to the frame of the 
motor, because the weak fields in the first place cause poor 
commutation, and in. the second place reduce the counter 
E. M. F. and allow more current to flow than the brushes can 
stand. It is safe to say that one-half of the trouble on cars 
turned in for blowing 
fuses can be traced 
directly or indirectly 
to defects in the field 
coils. 

Fig. 19 shows a 
section through a 
four-pole motor with 
a coil on each pole; 
the coils are so con- 
nected that the pole 
pieces alternate in 
polarity. In Fig. 20, the coils are not shown but the top left- 
hand coil is supposed to be connected incorrectly, with the 
result that the lines of force are very much twisted out of 
their path. However, it will be noticed that two sides of the 
four-sided figure made by 
the path of the lines of 
force can still be seen. 
Part of the armature is 
therefore effective, and 
the car will run on the 
faulty motor, but the 
brushes will spark badly, 
and there will be great 
consumption of current. 
The large current soon 
roasts the insulation on 
the coils, thus short-circuiting the turns and making matters 
still worse. 

Even if field coils are not incorrectly connected, they will 
in time become roasted, especially if the motors are worked 
hard. The insulation may become so charred as to allow 
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current to pass from turn to turn without encircling the pole 
piece, thus decreasing the magnetizing power of the coil. 
The field coils should therefore be tested from time to time 
to make sure that there is no short-circuiting due to roasting 
or other causes. In order to permit such tests to be carried 
out quickly, a number of special testing instruments have 
been devised. If a coil becomes short-circuited, its resist- 
ance measured between terminals will be lower than normal. 
Some of the field-coil testing instruments are a modified 
form of Wheatstone bridge, by which the resistance of a 
coil can be rapidly measured and compared with that of a 
coil known to be all right. 


48. Conant Field-Coil Tester.—Railway-motor field 
coils are wound with a few turns of heavy wire; hence, their 
resistance is very low and it is difficult to make accurate 
resistance measurements with any form of bridge that can 
be handled quickly in a motor repair shop. The inductance 
of_a field coil, as compared with a good coil, is more easily 
determined, and any change in the effective number of turns 
has a marked effect on the inductance, because, other things 
being equal, the inductance varies as the square of the num- 
ber of turns. In the field-coil tester of Mr. R. W. Conant, 
the inductances of two field coils are balanced against two 
adjustable inductances in about the same manner as resist- 
ances are balanced in a Wheatstone bridge. The principle 
of the instrument will be understood from Fig.21. A and& 
are two coils, one of which 4 is known to be all right, while 
B is to be tested. Connection is made to the cable leads by 
means of points f,f that are worked through the rubber 
insulation until they make contact with the strands of wire; 
in this way temporary connections are quickly made. Two 
coils a, 6 with iron cores that can be moved into or out of 
them are connected in series, as shown. The coils a, 4, }, B 
correspond to the four arms of a Wheatstone bridge, but 
instead of balancing the resistances of @ and 6 against those 
of 4 and #& their inductances are balanced by varying the 
inductances of a and 6. If, for example, the iron core a, is 
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moved into a, the effect is to increase the inductance of a, 
and vice versa. A few cells c send a current through the 
coils, and in order that induced E. M. F.’s may be set up, 
the current is interrupted by a clockwork mechanism d that 
drives a toothed contact wheel. A telephone is connected 
at e in order to indicate when the instrument is balanced. 
Suppose, for the present, that 4 and B are perfect coils and 
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alike in every particular. The minimum sound will then 
be obtained when cores a, and 4, are adjusted so that the 
induced E. M. F.’s in a, 0, 4, B are equal, and the position 
of the cores can be noted by the graduations marked on 
them. If, however, coil B is defective because of a number 
of short-circuited turns, its inductance will be less than that 
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of A, and core J, must be drawn out farther than a, in order 
to obtain a balance; i. e., the inductance of 4 must be made 
less than that of a. In this manner the condition of a coil, 
as compared with a good coil, can be quickly determined, and 
from a knowledge of the readings obtained with good and 
bad coils it can be easily determined whether a given coil 
should be left in service or taken out and repaired. In 
another form of tester working on much the same prin- 
_ ciple, the operating current is obtained by connecting the 
instrument, to a 500-volt lamp circuit of five lamps in 
series, the instrument taking the place’ of one of the 
lamps. This supplies about + ampere; a magnetic vibrator 


is used to interrupt the current. 


SPEED CONTROL 


RHEOSTATIC CONTROL 


49. Since the speed of a series motor can be varied by 
inserting an adjustable resistance in series, the first method 
of controlling the speed of street cars was by means of a 
resistance used in connection with a controller, or pair of 
controllers, by means of which the amount of resistance 
could be varied. This is known as the rheostatic method of 
control. It can be used with one or more motors, but it is 
now seldom employed for regular street-railway work, 
because it is wasteful of power, especially at the lower speeds. 
It is, however, used in those cases where only one motor is 
to be controlled and where gradual variations in speed are 
desired. It is employed to some extent in connection with 
mine-haulage plants and hoisting apparatus; also for cars 
operated by a single motor. 

On account of the somewhat extended use of rheostatic 
control in connection with haulage and hoisting apparatus, 
some of its more important features will be considered 
briefly. This will also serve as a good introduction to the 
widely used series-parallel method described later. 
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R11 CONTROLLER 

50. General Construction.—Fig. 22 shows a rheo- 
static controller designed by the General Electric Company 
for the control of cars, haulage locomotives, or hoisting 
motors; it is known as the R11 controller and was formerly 
called the KR. All General Electric type R controllers are 
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intended for rheostatic control. This controller will be con- 
sidered in detail because it contains many of the features 
found on controllers used on street cars and will serve as a 
good introduction to the study of them. It is designed to 
handle one 50-horsepower 500-volt motor or one 25-horse- 
power 220-volt motor; i. e., its contacts are large enough to 
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carry about 75 amperes. The figure shows the cover A thrown 
back so as to expose the working parts. The changes in the 
connections are effected by a cylinder, or drum, D, provided 
with contact segments that make connection with fingers /, f 
when the cylinder is rotated by means of the operating 
handle H. This controller is of the magnetic blow-out type, 
because a magnetic field is used to extinguish the arc that 
would otherwise form at the contact tips and cause blistering 
and burning. This method of preventing arcing has proved 
very effective. 2 is the coil that sets up the magnetic field 
necessary to blow out the arc, and is therefore called the 
blow-out coil. The iron back of the controller forms one pole 
piece and the hinged polar extension C the other; pole piece 
C is shown swung back so as to give access to the power 
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cylinder D, but when the controller is in use, C is swung 
over and held in position by a bolt passing through hole e. 
Fig. 23 shows the relation of the pole piece C, cylinder D, 
and the controller back £ when the pole piece is swung into 
position. The pieces d are arc guards, made of vulcabeston 
(vulcanized asbestos); they pass between the contact seg- 
ments and prevent arcing across from segment to segment. 
All the current supplied to the car passes through blow-out 
coil B and sets up a magnetic field between WV and S, as 
indicated by the curved dotted lines. When the cylinder is 
revolved far enough, tip x of segment & leaves finger f and 
an arc tends to form. This are acts in the same way as a 
flexible wire carrying current, and is therefore forced across 
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the field and stretched out until it is broken. The action is 
practically instantaneous, so that there is little or no burning 
of the fingers and segments. Fingers f are stamped out of 
thick copper and are attached to a flat phosphor-bronze 
spring g, which is in turn fastened to the cast-brass finger 
stand by means of screws 9, so that fingers can be replaced at 
any time. Screw / is for adjusting the amount that the finger 
drops when the segment passes from under it. This affects 
the pressure with which the fingers press on the segments, 
and they should be adjusted so as to drop about 3'z to 7s inch. 
The cylinder segments should be rubbed frequently with a 
little vaseline so as to prevent wear and cutting. 


51. Star Wheel, or Index Wheel.—The power cylin- 
der is operated by means of handle A, Fig. 22, which fits on 
the top of the shaft. In order to compel the cylinder to 
take up a definite position corresponding to the various 
steps, it has a.star wheel, or index wheel, w attached to 
the shaft. This engages with a spring-actuated roller m, 
which is pulled into the various notches on the star wheel 
and forces the cylinder into its proper position. It is this 
star wheel and roller that gives the movement of a con- 
troller handle its springy feeling. 


52. Reverse Cylinder.—The reversing switch, or 
reverse cylinder, as it is called, is shown at A. This is 
much smaller and simpler than the power cylinder and is 
mounted in the upper right-hand corner of the controller. Its 
sole function is to reverse the armature connections in case 
it is desired to run the car in the opposite direction. It is 
not intended to turn the current on or off or effect any 
changes in the resistance. For this reason, the reverse 
cylinder is not provided with any device for suppressing 
arcing, and its contact fingers are somewhat lighter than 
those on the main cylinder. 


53. Interlocking Device.—In order to make sure that 
the reverse cylinder shall not be moved while the current is 
on, the controller is provided with an interlocking device 
that makes it impossible to move the reverse cylinder unless 
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the power cylinder is at the off-position. The reverse cylin- 
der shaft is provided with a star wheel w’ having three 
notches, corresponding to the off-, ahead-, and back-positions. 
The lever carrying the roller 7 that engages this star wheel 
has a link 7 attached to it, which runs across to the hub of 
the star wheel w. The hub of whasa notch in it that comes 
opposite the end of 7 when the power cylinder D is at the 
off-position, and when the reverse handle # is moved, the end 
of link 7 is forced into the netch until the roller 7 passes over 
the projection on the star wheel w’, when / falls back far 
enough to allow to be turned. At any position of D other 
than the off-position, there is no notch opposite the end of /; 
ieee. hence, when an attempt is made 
en to move /, link 7 butts against 
> the hub and the reverse cylin- 
(qe) der is locked. 
Se When the reverse lever 
points ahead, the car runs for- 
wards, and when it points back, 
the car runs backwards. 

The reverse handle is also 
arranged so that it cannot be 
removed unless the power drum 
is at the off-position. An 
L guard a, Fig. 24, is cast on 
the controller cap and overhangs 
a hook 6 cast on the handle. A 
notch c is cut in the guard, so that the handle can be lifted 
off at the off-position and no other. 
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54. Operation.—This controller has six points, and a 
development of the cylinder with the various connections 
is shown in Fig. 25. This diagram shows a single motor, 
of which 4’ and /” are the armature and field, respectively, 
operated by a single controller. In this diagram and in 
those to follow, the cylinder segments are indicated by 
black bands, which represent the segments straightened 
or developed out flat. The finger stands on the power 
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cylinder and on the reverse cylinder connection boards are 
represented by vertical rows of black spots. The vertical 
dotted lines represent the various positions of the cylinder, 
and in studying the connections resulting from a movement 
of the operating handle to a given position, the developed 
cylinder can be considered as sliding under the contact 
fingers until it occupies a position indicated by the vertical 
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dotted line that corresponds to the notch, or position, on 
which the handle is placed. In this case the power cylinder 
isin two parts. Contact segments a and @ are connected 
together, but are insulated from ¢, d,e,f,g,, and 2, which 
are all connected together because they constitute a single 
casting. On the first notch, fingers 7, X,#,, and G make 


; 
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contact with their respective cylinder segments; all the 
others hang over and touch nothing. 

The path of the current on the first notch, indicated by 
the arrows, is: Trolley—blow-out coil-7—a—b—X—X'-m—A-A- 
armature A/-A A—-A A-n-F-F-field /F’-E-R, through the 
whole of the resistance—A,-f-7—-G-ground, thus completing 
the circuit from the trolley to the rail. 

On the second notch, finger R, touches segment g, and 
when the current reaches A, it flows through three sections 
only of the resistance, because when it reaches A, it takes 
the path R.,-g-r-7-G. On the third notch, the section of 
resistance between A, and A, is cut out. On the fourth 
notch, that between A, and A,, and on the fifth notch all the 
resistance is cut out, the path of the current there being: 
trolley—blow-out coil-7—a—b—X—X!’—m—A-—A-A!—A A-A A-n- 
F-F-F' E-R,-d-e-t-g-h-i-G. The fifth notch, then, gives 
the highest speed that can be attained by simply cutting 
out resistance. 

On this controller, a shunt S may be used and a sixth 
notch is provided, so that on it the shunt will be connected 
across the motor field coil, thereby weakening the field and 
increasing the speed. One end of the shunt is attached to 7 
and the other to finger Z. On the sixth notch, the path of 
the current is the same as on the fifth up to the point 7% 
here the current divides, part of it taking the path /~/7’—A- 
R,—d-e-f—-g-h-i-G, and the other part the path 7“~S—Z-Z- 
c-d-e-f—g-h-7—G, thus reducing the current in the field coil. 
Instead of weakening the field by means of a shunt, the 
same effect can be obtained by bringing out a tap from the 
field coil and connecting it to the wire ZZ. When the con- 
troller is placed on the last position, part of the field turns 
are cut out, thereby weakening the field and increasing the 
speed. These so-called shunt or loop methods of control 
are now little used for street-railway work; they introduce 
undesirable complications and it has been found that a 
sufficient range of speed can be secured without them. 
Most recent types of controllers are therefore designed for 
use without loops or shunts. It is easily seen that the 
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controller, Fig. 25, could be used without a shunt S by simply 
omitting the connection Z Z, in which case the speed on the 
sixth notch would be the same as on the fifth. 


55. Operation of Reverse Switch.—If the motor is 
to be reversed, the reverse cylinder is thrown over, bringing 
contacts 7, w, v, w under fingers X’, A, A A, and F, respect- 
ively. When the current reaches X’, it takes the path 
X'-t-v-A A-A A-A’'—A-A-u-w-F. In other words, it flows in 
at the 4 4 end of the armature instead of at the 4 end as 
before, but it still flows in at the / end of the field, thus 
reversing the current through the armature, but not through 
the field. The lettering of the various connecting posts is 
that used by the General Electric Company. 


56. Car With Two Rheostatic Controllers.—In 
Fig. 25, only one controller is shown, but on a car or mining 
locomotive two controllers, one on each end, are usually 
necessary. Fig. 26 shows two controllers connected together 
for the operation of a single motor. The corresponding con- 
necting posts of the two controllers are connected together by 
the wires that run the lengthofthecar. Of course, when one 
controller is in use, the other is at the off-position, because 
the handle of the reverse cylinder cannot be removed until 
the power is thrown off. The arrowheads show the path 
of the current when controller No. 7 is on the first notch. 
This is practically the same as that shown in Fig. 25, except 
that the parts are in a little different location. The wires in 
this and in the following diagrams are not supposed to touch 
each other where they cross unless there is a round dot 
placed at their point of intersection. The various combina- 
tions may be represented diagrammatically, as shown in 
Fig. 27. The first five steps differ from each other in the 
amount of resistance included, and the last step is the same as 
the fifth, with the exception that the field “is shunted. 

When a trheostat is used continuously to control the speed, 
it must be proportioned so as to avoid overheating, and all 
the resistance notches may be used as running notches. 
With ordinary street cars, however, the resistance is not 


9% “OI 


IWV44 NO A 
azaNnnoH#g 


zu fey fry ES 
y SH 7/09 340H9 
FINVISISTY LAE = 
YUSIXYY ONINLHIIT | : 
xog asn7{[_} 
4 ON ¥8377041N09 | Z ON YITIOULNOD 
HILIMS GooH a a 


387g Az7704, = — 


§ 40 MOTORS AND CONTROLLERS 49 


supposed to be used for speed-controlling purposes. It is 
only intended to give the car a smooth start and should not be 
used to run on. Before leaving the study of this controller, 
it may be well to notice that the resistance coils are here 
placed next to the ground, so that the current first enters 
the motor. In most controllers, the resistance is placed 
ahead of the motors; but on the whole, it makes no differ- 
ence so far as the effect of the resistance itself goes; it 
sometimes does, however, make a difference in regard to 
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the amount of trouble that arises on account of grounds 
occurring on the resistance. Also notice, in Fig. 26, that 
the post marked 44 on controller No. 7 is connected to 
post 4 on controller No. 2, and post 4 4 on controller No. 2 
is connected to post 4 on controller No. 7. It is necessary 
to interchange the armature wires in this way so that the 
car will move forwards when the reverse handle on the end 
from which it is run points ahead. 
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SERIES-PARALLEL CONTROL 


57. General Description.—The method of speed con- 
trol now almost universally used for street-railway work is 
known as the series-parallel method. It enables the volt- 
age applied to the motors to be cut down for slow-speed 
running without the use of resistance, and hence is more 
economical on low speeds than the rheostatic method. At 
least two motors per car are required; hence, this method is 
not applicable to single-motor equipments. For slow speed, 
the motors are connected in series, and for high speed, they 
are connected in parallel; hence the name series-parallel. 
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Let us assume that the pressure is 500 volts; then, if the 
two motors on a car are connected in series, as shown in 
Fig. 28, the pressure across each motor will be only 250 volts. 
Each motor will then have to run at only about half its normal 
speed to generate the required counter E. M. F., and the 
result is that a slow speed is obtained w thout the use of any 
resistance, 
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When the higher speed is desired, the controller is thrown 
around to the ‘‘multiple notches’? and effects the combina- 
tions necessary to change the motors from series to parallel. 
When they are in parallel, as shown in Fig. 29, a pressure of 
500 volts is applied to each motor and the car runs at full 
speed. Of course, at starting it is necessary to include some 
resistance, and when changing from series to parallel, resist- 
ance is also cut in to prevent an excessive rush of current 
and to give a smooth acceleration to the car; but the resist- 
ance is cut out as soon as the car gets under headway and is 
not used on the running notches. 

A great many types of series-parallel controller have been 
brought out, and it would be an endless task to describe all 
of them; the diagrams here given will, therefore, relate only 
to a few of the most commonly used types. 


58. Types of Series-Parallel Controller.—The Gen- 
eral Eiectric Company’s series-parallel controllers are divided 
in two general types: type K and type L. Those designated 
by the letter K are intended for two or more series motors 
and include the feature of shunting, or short-circuiting, one 
of the motors when changing from series to parallel. For 
ordinary street cars, the K type is almost universally used, 
the most common controllers being the K2, K6, K10, K11, K12, 
and K14. Type L controllers are also intended for two or 
more series motors, but in changing from series to parallel, 
the power circuit is completely opened for an instant and then 
closed after the change from series to parallel has been made. 
Type Lcontrollers are used mostly for large interurban cars 
equipped with heavy motors. 

Another class of controller, known as type B, may be 
either rheostatic or series-parallel, but they are always pro- 
vided with the necessary contacts and connections for tne 
operation of electric brakes. Westinghouse controllers are 
designated in the same way as those of General Electric 
make and their construction is also the same. 
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K2 CONTROLLER 


59. General Description.—Type K controllers embody 
many of the features described in connection with the type R 
controller. The magnetic blow-out is arranged in the same 
way, and the general mechanical construction is the same, 
though, of course, the type K is more complicated, because 
it must handle all the connections for two or more motors 
and effect the changes necessary to throw the motors from 
series to parallel. It is also provided with switches, by 
means of which either motor may be cut out, in case it 
becomes disabled, allowing the car to be operated on the 
other motor. The K2 controller is designed for use with 
shunts; i. e., on the last series notch the fields of both 
motors are shunted and the same is also the case on the 
last multiple notch. The controllers may, however, be used 
without shunts and they are frequently run in this way. 

The K2 controller is used with two motors of 40 horsepower 
or under and has 9 notches. There are more positions than 
this, but only 9 of them are marked on the controller top, 
and the mechanism of the controller is so fixed that the 
handle cannot be easily made to rest anywhere except on a 
marked notch. This is done so that the cylinder will not 
hang between notches and cause burning inside the con- 
troller. Fig. 380 shows the controller with the door opened 
so that the inside parts can be seen. 

In Fig. 30, 7 is the operating handle that turns the con- 
troller or power cylinder 2; 3 is the reverse handle that turns 
the reverse cylinder 7; 9,9 are the fingers that make contact 
with the power cylinder and 6 is the blow-out magnet. The 
reverse cylinder has no blow-out coil, because it cannot be 
moved while the current ison. The cut-out switches, by means 
of which a disabled motor can be cut out, are shown at 7, 7; 
8 (in the lower right-hand corner) is the connection board, 
into which run all wires from the motors and other devices, 
as well as the ground and trolley wires. The terminals on 
the connecting board also connect to the various parts of the 
controller, as will be shown in another diagram. The door, 
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or cover 12, swings back as shown, and the bolt and wrench 10 
is used for holding the pole piece in place when it is 
swung over; 5,5 arethe arc guards. Both the power cylinder 
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and the reverse cylinder of this controller are longer than 
those of the rheostatic controller. The interlocking device 
between the two cylinders is practically the same on both, but 
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the connection board 8 is made necessary on account of 
the numerous connections and the addition of two cut-out 
switches 7, 7. 


60. Wiring Diagram.—Fig. 31 shows a diagram of 
wiring for two K2 controllers, the lettering of the various 
parts corresponding to that used by the General Electric 
Company. The operating cylinder is made of five castings 
a,6,c,d,e insulated from each other and from the shaft. - 
There are in all twelve positions of the cylinder, as indicated 
by the vertical dotted lines, but only nine of these correspond 
to notches in the index wheel, Nos. 6,7, and 8 being trans- 
ition positions that are passed over quickly while the con- 
nections are being changed from series to parallel. Of the 
9 notches, only 4 are running notches, these being 4 and 5, 
8 and 9, as indicated by the numbers above the development 
of the power cylinder. On each of these 4 notches, the 
starting resistance is not in circuit; on notch 4, the two 
motors are in series with all the resistance cut cut, and on 5 
the connections are the same as on 4 except that the fields 
are shunted by shunts Z, and Z,. If shunts were not used, 
the speed on notch 5 would be the same as on 4. On 
notches 8 and 9, the motors are in parallel, the fields being 
shunted on notch 9, thus giving the highest possible speed. 


61. The path of the current on the first notch is, assu: 
ming No. 7 controller to be used with the reverse switch at 
the forward position, as follows, beginning at the trolley 
post 7 on the connection board of No. 7 controller: 7—X= 
Y—T finger—casting a—-finger R,-post R,-7,-whole of starting 
coil to ~-post A,-f-19 on cut-out switch-19-19 finger on 
reverse switch-segment i-finger 4,-post 4,-A, brush on 
motor No. 1-No. 1 armature-brush 4 4,-post 4 4,-A A, 
finger on reverse switch-segment 2-finger /,-post F,-field 
terminal /\-field to 4,-post /, on No. 7 cut-out switch-A,- 
fingers #, /, on controller-casting c-finger 15—post 15 on 
No. 2 cut-out switch—15-finger 15 on reverse switch-seg- 
ment 3-finger 4.-post 4.-brush 4.-No. 2 armature—brush 
A A,-post A d,-finger 4d A, on reverse switch-segment 4- 
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finger /,-post /,-field terminal /—F,-ground wire. This 
path is indicated by the arrowheads in Fig. 81, and it is seen 
that both motors are in series with all the starting resistance. 
As notches 2 and 3 are passed, the resistance sections are 
short-circuited by fingers R, and R, making contact with a 
and on the fourth notch the series running notch is used when 
low speed is desired. On the fifth notch, finger 2, makes 
contact with c and Z, and G with e, thus placing the shunts 
ZL, and Z, in parallel with the fields. The sixth position is 
one of transition and gives the same combination as the 
second, part of the resistance being cut back into the circuit. 
On positions 7 and 8, No. 2 motor is dropped out of circuit 
temporarily by fingers 4, and 15 leaving casting c; at the same 
instant that a connection is made between £, and G (ground) 
by fingers #, and G making contact with segments d, thus 
maintaining the circuit through the No. 7 motor. 


62. On position 9 (notch 6), No. 2 motor is picked up in 
parallel with No. 7 and the last two sections of the resistance 
are in series as on positions 6, 7, and 8. The path of the 
current on notch 6 is, therefore, starting from post &,: 


R ae eae lei A A,-A A, 
Sela) pep Py ys- 15-1594 
A A-0-F-F-F-E-E,-E-E-d i: A 
AAA aA A 4a Pe, 


On notch 7, the second section of resistance is cut out, and 
on notch 8 all the resistance is short-circuited and the motors 
run with full field strength. On the last notch, the fields are 
shunted. Fig. 32 is a diagram of the controller top showing 
how the notches are indicated. Each of the raised ribs 
1, 2,3, etc. corresponds to a notch, and the running notches 
4,5, 8, and 9 are indicated by ribs longer than 7, 2, 3, 6, 
and 7, which represent the resistance notches. Both the 
operating handle H and the reverse handle A are shown at 
the off-position. The connections at the controllers must be 
made so that the car will run forwards when & is thrown to 
the ahead-position. It will be noted in Fig. 31 that the 
armature wires are interchanged in the two controllers; for 
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example, the wire connecting to post 4 A, in No. 7 con- 
troller connects to post 4, in No. 2 controller. If this were 
not done, the movement of the car would agree with the 
direction in which the reverse handle pointed when operated 
from one controller but would not agree when operated from 
the other. Also, since the motors are mounted back to back 
on the truck, they must run in opposite directions when 
viewed, say, from the commutator end, in order that they 
may both propel the car in the same direction. In Fig. 31 
the connections are such that the current flows through both 
armatures in the same direction, but the direction through 
No. 2 field is opposite to that through No. 7 field, and No. 2 


Fie. 32 


motor would therefore run in a direction opposite to No. 2 
when viewed from the same end. The usual method is to 
connect up the motors and turn on the current; if it is found 
that one or more of the motors are trying to drive the car 
in the wrong direction, they can easily be reversed by inter- 
changing the field terminals. Fig. 33 shows diagrammatic- 
ally the various combinations corresponding to the different 
controller positions; S, S represent the shunts across the 
fields and positions 4,5 and 17, 72 are the only ones that 
should be used for steady running. The others are provided 
to prevent a rush of current at starting and when changing 
from series to parallel; also, to give a smooth acceleration. 


63. Motor Cut-Out Switches.—In the lower part of 
the K2 controller, just below the power cylinder, the two 
motor cut-out switches are located. These are seen at 7, 7, 
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Fig. 30, and are marked No. 7 and No. 2 in Fig. 31. As 
mentioned before, the two motor cut-out switches are used 
to run the car on one motor if the other motor or any part of 
its circuit gives out. These two switches may be thrown up 
or down, and when the car is in good shape and both motors 
in use, both switches should be down, as indicated by the 
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connecting lines in Fig. 31. When No. 7 switch is thrown 
up, posts 79 and &, are connected together by casting S. 
Assuming that the controller is on the first notch, the path 
of the current beginning at point ¢ is: t-19-S—#,-F,-F,-c-15- 
W5=215-15-4-A.-4,, etc, No.-i, motor is cut out and the 
current flows through No. 2 motor to ground. If No. 2 
switch is thrown up, No. 7 being down, the current on 


. 9 
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reaching post 15 on No. 2 switch goes directly to ground 
post G and No. 2 motor is cut out. When either of these 
switches is used, it operates an interlocking device that 
interferes with a collar on the power-cylinder shaft and 
prevents the cylinder from being moyed beyond the last 
series position. It is obvious that if one motor is disabled 
it cannot be connected in parallel with a good motor, hence 
the necessity of the interlocking device to prevent the use of 
the parallel notches on type K controllers. 


K10 AND K11i CONTROLLERS 

64. The K10 controller is designed for the same class 
of work as the K2 and has largely superseded the latter. It 
is the standard controller for two-motor equipments where 
the motors are not over 40 horsepower. In general appear- 
ance, it resembles the K2 very closely but it has eleven con- 
tact fingers for the main cylinder against twelve on the K2. 
The K10 controller is designed for use without field shunts, 
thus eliminating the two shunt contact fingers. It has, how- 
‘ever, an additional resistance finger and there are four 
sections in the starting resistance; the acceleration is there- 
fore more gradual than with the K2 controller. The K11 
controller is practically the same as the K10, but has 
heavier contacts so as to carry the current for two 60-horse- 
power motors. The diagram, Fig. 34, may therefore be taken 
as applying to both controllers, the arrowheads representing 
the path of the current on the first notch. Fig. 385 shows the 
combinations effected on the various notches. On account 
of the omission of the shunts, there are only two running 
notches, one (corresponding to position 5) where the motors 
are in series with all resistance cut out and the other (posi- 
tion 72) where they are in parallel with all resistance cut out. 


K12 CONTROLLER 

65. The K12 controller is similar to the K11, but is 
arranged for the control of four 30-horsepower motors. 
Fig. 86 shows the general layout of the wiring for a 
car equipped with four motors and K12 controllers. The 
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combinations in Fig. 37 are practically the same as for the K11 
controller, except that there are four motors in two pairs 
instead of the two single motors; No. 7 motor is connected 
in parallel with No. 3, and No. 2 with No. 4, so that a motor 
on one truck is connected in parallel with a motor on the 
other (see Fig. 86). There are two running notches, 5 and 
9, corresponding to controller positions 5 and 72. 


66. Fig. 38 is a car-wiring diagram for K12 controllers 
with four motors. The power cylinder is practically the 
same as that of the K11 but the reverse switch is different, 
being provided with a double row of contact fingers so that 
the current in all four armatures can be reversed when the 
car is to be run in the reverse direction. When the car 
runs ahead, reverse-switch fingers 4 are in contact with 
plates a and fingers d are in contact with c. When the car 
runs back, fingers 6 make contact with c and d with e, thus 
reversing the current in all four armatures. The leads £, 
and £, from the No. 2 and No. 4 motor fields are permanently 
connected to the ground wire. The main trolley wire con- 
nects to the blow-out coil, as shown. The path of the 
current on the first notch is indicated by the arrows and is 
as follows, starting from post 7 at the power cylinder: 
T-R,-R,-k,, through all resistance, —R,—A,-19- 
eee cer nie A AA,-AA,-A A,-F,-F,-F-E,--,- arene 

'"-A,-A,-AA,-AA,-F,-F,-E,-E,-E,-3 

ss-t6-{ -A,-A,-A,-A A,-A A,-A A .-F-F- pia G 

15-15'-A -A,-A A-A A -F-F-E 

The ee combinations are indicated by Fig. 37, and may 
be easily traced out on the diagram. When the cut-out 
switches are operated, the motors are cut out in pairs; for 
example, if something goes wrong with the No. 7 motor and 
the cut-out switch is thrown up, motors No. 7 and No.3 are 
cut out. 


K6 CONTROLLER 

67. The K6 controller is of larger capacity than the K12 
and is intended for the control of four 40-horsepower motors 
or two 80-horsepower. In its general construction it is 
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similar to the K12 but the main cylinder and contact fingers 
are heavier. The pole piece carrying the arc guards is also 
arranged differently and the blow-out coil is in the bottom of 
the controller, the connection board being arranged vertically 
at the right-hand side. The reverse cylinder has four rows 
of segments mounted on it and there are two rows of con- 
tact fingers. Fig. 39 is a diagram of the car wiring showing 
the path of the current on the first notch. There are 11 
notches, 6 of which are for the series connections and 5 
for the parallel. When the reverse switch is on the forward 
position, the two rows of segments indicated by the arrows 
engage with the contact fingers, and when thrown to the 
other position the other sets of segments engage with the 
contact fingers, thus reversing the current in all four arma- 
tures. Motors No. 7 and No. 3, No. 2 and No. 4 are 
connected permanently in parallel, the method of control 
being practically the same as was described for the K12 
controller. 


K14 CONTROLLER 


68. The K14 controller is designed for the control of 
four 60-horsepower motors; it has seven series notches and 
six parallel, 7 and 13 being the two running notches. Since 
this controller has to carry quite a large current, its con- 
struction differs somewhat from the K controllers that have 
been described. Fig. 40 is a general view with the cover 
removed and the pole piece swung back. The main cylinder a 
is driven through gears 4,c by the operating handle d, the 
angle turned through by the drum being greater than the 
angle through which the operating handle is turned from 
the on- to the off-position. The main cylinder rotates in a 
direction opposite to that on ordinary controllers; hence, the 
contact fingers are placed to the right of the cylinder. The 
reverse cylinder is at e and is operated by handle f; cyl- 
inders e and a are interlocked and handle f cannot be removed 
until both cylinders have been turned to the off-position. The 
trolley connection with the main cylinder is made at g, at 
the bottom of the cylinder, instead of at the top, as in the 


§ 40 MOTORS AND CONTROLLERS 65 


controllers so far described. Instead of using a regular con- 
tact finger at g, contact is made with the cylinder by means of 
a split casting passing completely around acollar. This cast- 
ing can be adjusted by nut 4, so as to make a good contact 
without interfering with the movement of the cylinder, and it 
affords a better con- 
tact surface for the 
larger current than 
would be provided by 
a contact finger. The 
cut-out switches are 
located at &, £ and are 
arranged in connec- 
tion with an interlock 
to prevent the drum 
from being moved to 
the parallel position 
when either motor is 
cut out. This con- 
troller has no index oo 
wheel, but the notches 
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are located by a oR 
hinged lever #, under * y Loa 
the operating han- <9 
dle, that drops into iH ae 

i ae 


notches, in an index / 
mounted on top of the 
controller. Lever m j; 
is raised so as to clear 
the notches, by the 
motorman pressing 
down on knob z on 
top of the operating 
handle. The controller has no connection board, the ter- 
minal wires being brought out of the bottom of the con- 
troller and fastened to the car wires by means of clamp 
terminals that are thoroughly taped over after the connec- 
tions have been made. 
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Fig. 41 is a car-wiring diagram for K14 controllers with 
four motors, the path of the current on the first notch being 
indicated by the arrows. Motors i and 3, and 2 and 4 are 
connected permanently in parallel. 


K27 CONTROLLER 


69. The K27 controller, for which Fig. 42 is a car- 
wiring diagram, is intended for use with two motors, not 
exceeding 60-horsepower, on metallic-return systems. It is 
used mostly on conduit systems, which are particularly liable 
to grounds, and on this account the controller contains a few 
features not found on ordinary K controllers. Any type K 
controller can be used for operating cars on a conduit system 
so long as both car and conductor rails are free from grounds; 
but should a car with a grounded connection run on to a sec- 
tion of conductor rail that is also grounded, conditions may 
arise where one of the motors would take current even with 
the controller thrown to the off-position, thus making the 
motorman lose control of the car and necessitating the open- 
ing of a circuit-breaker or hood switch in order to stop the 
car. The K27 cylinder is therefore designed so as to open 
both sides of the circuit when it is thrown to the off-position. 

Suppose, for the present, in Fig. 42, that main cylinder 
fingers ©, and 7, are connected by a piece of wire. This will 
make the conditions the same as if an ordinary K10 controller 
were used, since with it, the end 4, of the No. 2 field is con- 
nected to the negative, or ground side of the circuit, which 
with a metallic-return system corresponds to the 7, terminal, 
or collecting shoe. Also suppose, in Fig. 42, that the 4, 
brush, or a wire connected to it, becomes grounded as 
indicated by the dotted connection at G’, and assume that 
the car runs on to a section where the conductor rail to 
which 7, connects is grounded. Current can then flow 
from the positive conductor rail through the ground and enter 
No. 2 motor through the ground G’ and flow through the 
path: 4A.—A A,-A A,-A A.-F,-F.-F,-F,-post £, on con- 
troller. Now we have assumed /, and 7, to be connected; 
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hence, the current passes to 7; and to the other conductor 
rail. Throwing the main cylinder to the off-position does 
not interrupt this current though a movement of the 
reverse switch would. In order to avoid this condition, 
the K27 controller is provided with fingers 7, and Z, so that 
the current must pass through the main cylinder, and hence 
throwing the cylinder to the off-position interrupts this cur- 
rent. Also, the Z, field wire runs through the No. 2 cut- 
out switch, so that if this motor becomes grounded and is 
cut out by throwing up the No. 2 cut-out switch, all con- 
nections between the No. 2 field and the 7; terminal will be 
broken. Thisis not possible with an ordinary type K controller 
where the end of No. 2 field runs directly to the ground wire 
without being brought to the controller. 


TO. The K6 controller, Fig. 39, can be arranged for use 
on metallic-return systems, by making a few changes in 
the connections. Instead of connecting the /, and Z, field 
terminals to the ground wire (or 7; wire on a metallic- 
return system), as indicated in Fig. 39, they are connected 
to a wire running to post /, on the connection board of, 
say, No. 7 controller. The ground wire, shown in Fig. 39, 
is connected to the 7; collecting shoe, and a wire is run 
between posts /,x on the two connecting boards. On the 
No. 2 connecting board, i. e., on the board to which the 
E, wire is not run, a connection is made between the £, post 
on the No. 2 cut-out switch, and the 7; or G post. The 
object of these connections is to allow No. 2 and No. 4 fields 
to be disconnected from the 7; side of the circuit in case of a 
ground, as explained in connection with Fig.42. The K6 con- 
troller is not, however, arranged like the K27, so that the 
main cylinder will open both sides of the circuit and break 
any current that may flow through motors No. 2 or No. 4 
because of grounds. 


L2 CONTROLLER 


71. The L2 controller is intended for heavy high- 
speed interurban cars and will control two 175-horsepower 
motors. On account of the large current, the main cylinder 


70 MOTORS AND CONTROLLERS § 40 


contacts, and also any other contacts that have to carry the 
current while the motors are in operation, are made unusually 
large by connecting a number of fingers in parallel. 

The L2 controller differs considerably from those of the 
K type, both in its construction and method of operation. The 
main cylinder simply cuts out the starting resistance and the 
changing over of connections from series to parallel is effected 
by a separate commutating arm or switch. While the com- 
mutating switch is changing from the series to the parallel 
position, the motor circuit is kept open by the main cylinder so 
that the commutating switch does not interrupt the current. 
Another feature is that the starting resistance is reduced by 
connecting resistance sections in parallel with the first sec- 
tion instead of cutting out sections, as in the K controllers. 


72. Fig. 43 is a wiring diagram for L2 controllers as 
used on a car intended for operation either from an over- 
head trolley or from a third rail. Single-pole double-throw 
switches /, 7’ are provided in each vestibule, so that the main 
car wiring can be connected either to the overhead trolley 
or third rail. Thus, when the switches are thrown to the 
upper position, the car being supplied from an overhead 
trolley, the third-rail shoes are dead. There are two reverse 
switches on each controller, each serving to reverse the arma- 
ture connections of one motor. The reverse switches are 
operated by a single handle at the side of the controller 
which when thrown to the ahead-position makes contact seg- 
ments @, f, e’, f’ occupy the position indicated by the vertical 
dotted lines, thus connecting 7, and 4 4., /, and A A,, etc. 
When the reverse switch is moved to the back-position, 
segments e, f,¢’, f/ are rotated so that contact is made between 
A, and /,, A, and /, etc., thus reversing the current in the 
armatures. _The main cylinder, shown at the left, cuts out 
the starting resistance. There are 4 notches for the series 
combinations and 4 for the parallel, the last notch on each 
being a running notch. To throw the controller from the 
off-position to the last series notch, the operating handle is 
turned through half a revolution, thus moving the main 
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cylinder from the off-position to the position marked by the 
dotted line 4. A further half revolution rotates the main 
cylinder backwards to the off-position so that when the handle 
has made a complete revolution and comes back to the start- 
ing point, the main circuit is again opened. As the handle 
is turned past the off-position, the commutating arm throws 
over to the parallel position before the main circuit is closed 
and, continuing the handle motion for another half revolution, 
the main cylinder again cuts out the resistance but this time 
with the motors in parallel. It thus takes a turn and a half of 
the operating handle to throw the power from the off-position 
to the last parallel position. The main drumis driven by means 
of a crank and sector-shaped gear, so as to give it a recip- 
rocating motion, and the commutating arm is thrown from 
one side to the other by means of a cam, its movements 
being timed so that it opens or closes only when the current 
is cut off by the main cylinder. The commutating arm in 
Fig. 43 is represented by the segments a, J, insulated from 
each other and mounted so that, on the series positions a is 
in contact with fingers a’; on the parallel positions, a and 6 
swing over so as to make contact with fingers d and c. 


73. There are twelve series and parallel positions of the 
controller but only 4 notches on each; the path of the cur- 
rent on the first position is shown by arrows in Fig. 48 and 
is as follows: 7Z-common resistance wire S—A,-finger R,- 
main cylinder-through cut-out switch No. 1-e—-4,-4 4,-A,~ 
A A,-f-F,-F,-F-,-segment a on commutating arm-—fingers d’ 
(since the commutating arm is now in the series position)—cut- 
out switch No. 2-e—4,-A A,-A.-A A,-f'-F,-F,-E,-ground. 
When the controller is moved to the next position, section R, 
of the resistance is connected in parallel with R,, thereby 
reducing the total resistance in series with the motors. On 
the third position, or first series notch, there are three 
sections of resistance in parallel; finally on the last series 
notch, fingers S make contact with the main cylinder, thereby 
short-circuiting all the resistance. The operating handle has 
by this time made half a revolution, and as it is moved 
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quickly around for another half revolution, the main cylinder 
reverses its motion, thereby cutting the resistance back in, 
and finally opening the circuit. Just as the operating handle 
begins its second revolution the commutating switch throws 
over so that a makes contact with d and 6 with c, the path of 
the current on the first parallel position being: 7-S-—R,-R,- 
main cylinder—cut-out No. 7- 
{ e-A,-A A,-A,-A A,-t-F,-F,-E,-a-d \. G 
b-c-cut-out No. 2-e’-A,-A A,-A,-A A,-t'-F,-F,-, 


As the motion of the operating handle is continued for 


another half revolu- = 


tion, the main cylin- 
Serves. | Para/lle/ 


der repeats the resist- 
ance combinations 
that it made during 
the first half revolu- 
tion, and when the 
last parallel notch is 
reached, the resist- 
ance is short-cir- 
cuited by fingers S$ 
again making contact 
with the main cylin- 
der. Fig.44 shows the 
combinations made 
on each of the series 
and parallel notches. 
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Switehes.—The 
cut-out switches sim- 
ply open the circuit 
through the defective 
motor and if either 
motor is cut out, the 
commutating arm 
must be in the par- 
allel position or there will be an open circuit. Thus, if motor 
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No.1 is defective, it is cut out by opening switch blade %, 
and the controller is run on the last half revolution of the 
operating handle, in which case the commutating switch is 
on the parallel position and the current can take the path 
from cut-out No. 1-6-c-No. 2 reverse switch and No. 2 
motor to ground. 


L4 CONTROLLER 


75. The L4 controller is similar to the L2 but is 
provided with four reverse switches, the controller being 
designed for operating four 100-horsepower motors. The 
cut-out switches are also slightly different, but the main cylin- 
der and commutating arm are the same. Motors No. 7 and 
No. 3, No. 2 and No. 4 are connected in parallel and the two 
groups operated in series or parallel as with single motors. 
Fig. 45 shows the connections for a single L4 controller, 
which are so nearly like those of Fig. 43 that it will not be 
necessary to explain them in detail. 


CONTROL OF ALTERNATING-CURRENT MOTORS 


76. Alternating-current motors are specially adapted to 
interurban roads where the current has to be transmitted a 
considerable distance; hence, a high trolley pressure is used. 
This is stepped down by a transformer carried on the car so 
that the current supplied to the motors is at low pressure. 
It is frequently desirable to have the controlling apparatus 
arranged so that the cars can operate on either direct or 
alternating current, in which case switches must be provided 
for cutting out the transformer and making any other changes 
in connections that may be necessary. An arrangement of 
this kind allows interurban cars, that are normally operated 
by alternating current, to run over the tracks of connecting 
city roads operated by direct current. 


77. Westinghouse Control.—Where a car is operated 
exclusively by alternating current, the speed of the motors 
can be regulated by varying the pressure, applied to the 
motors, by means of a potential regulator, or for small 
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equipments, by providing the secondary of the step-down 
transtormer with a number of taps that can be connected 
successively to the motor. This allows the applied pressure 
to be varied without the use of resistance and without the 
waste in power that resistance always causes. 

Moreover, every point of the controller is a running point 
and the car can be run steadily on any of the intermediate 
speeds, since there is no resistance to overheat. The volt- 
age for which the motors are wound is independent of the 
line voltage, because the pressure can be stepped down to 
any desired value. 

Fig. 46 (a2) shows the general plan of operation for a large 
two-motor equipment where the speed is changed by means 
of a potential regulator. The current from the trolley passes 
through an autotransformer a,d, and from the secondary 
part 6 current is supplied to the motors. In some cases, a 
regular transformer with separate primary and secondary 
coils is used, especially if the trolley pressure is high and 
it is desired to completely separate the controlling apparatus 
and motors from the high tension line. The motors are 
wound for 250 volts and have their fields and armatures con- 
nected permanently in parallel, as shown; a reverse switch e 
allows the direction of the current through the fields to be 
changed, thus reversing the motion of the car. The potential 
regulator cd is of the induction type consisting of a fixed 
secondary d and a movable primary coil ¢ that can be rotated 
through a limited range. The voltage generated in d can be 
added to or subtracted from the normal voltage of the trans- 
former secondary, thus allowing the voltage applied to the 
motors to be varied gradually from 125 to 250 volts. The 
primary of the induction regulator is moved by compressed 
air supplied from the air-brake pump on the car, and con- 
trolled by electropneumatic valves. For smali cars, the 
arrangement is as shown in Fig. 46 (4); instead of a potential 
regulator, the equipment is simplified by providing the trans- 
former with a number of taps 7, 2, 3, etc. to which terminal d 
can be connected successively by a piatform controller, thus 
increasing the voltage applied to the motors. 
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78. General Electric Control.—Fig. 47 is a diagram 
of car wiring for the control of four General Electric com- 
pensated single-phase motors arranged so that the car can 
be run on either alternating current at 2,200 volts, or direct 
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current at 500 volts. On account of the use of direct cur- 
rent, resistance is used for the controi of the motors, wnich 
are arranged in two pairs, two motors being connected 
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permanently in series for each pair. The regular series- 
parallel method of control is used and standard K28 con- 
trollers, as employed for the operation of direct-current cars, 
are connected to a separate commutating switch so that the 
connections can be changed from alternating current to 
direct current in a few seconds. 

This scheme of control is not quite as economical as the 
potential-regulator method and does not give as many run- 
ning speeds, but it has the advantage of using, for the most 
part, regular direct-current controlling apparatus, and the 
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additional apparatus required for alternating-current operation 
is small. The motors in Fig. 47 are wound for 200 volts 
alternating or 300 volts direct. A is the main step-down 
transformer for reducing the trolley pressure; in series 
with the primary are the oil switch B and fuses C. An 
oil switch D is placed in series with the direct-current con- 
nection also and both switches are interlocked with the com- 
mutating switch / so that the latter cannot be moved while 
either B or D is closed. ‘The switches are also interlocked 
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so that only one switch can be closed at a time, thus preclu- 
ding any possibility of trouble, on account of both currents 
being on at once. The commutating switch makes the 
necessary changes in field connections, and cuts out the step- 
down transformer, etc. when a change is made from alter- 
nating to direct and vice versa. In addition to the regular 
motors, the connections for the motor driving the air-brake 
pump are also shown, since this motor must likewise be 
changed over. In Fig. 47, the arrows represent the path of 
the current when the commutating switch is thrown to the 
A C position and the controller placed on the first notch. 

In Fig. 48, the combinations on the most important posi- 
tions for both direct and alternating current are given. With 
direct current, the four field coils on a given motor are in 
series, but when the change is made to alternating current 
the fields are connected two in series and the pairs placed in 
parallel. Also, when alternating current is used, it does not 
pass throughout the controller blow-out coil. The controller 
magnet core and pole pieces are not laminated; hence, alter- 
nating magnetism would cause heating. 


ELECTRIC-CAR EQUIPMENT 


MOTOR-CIRCUIT APPLIANCES 


TRUNK CONNECTIONS 


1. By electric-car equipment is meant the several 
appliances by means of which the car is propelled, controlled, 
heated, lighted, and protected, as well as the system of wires 
necessary to connect the electrical devices. Some car equip- 
ments are more elaborate and complicated than others, due 
to widely different conditions of operation. To illustrate: on 
level roads employing small cars that run around a belt or 
loop, the car equipment may consist of a single controller, 
two motors, and hand-brakes; on other roads, where cars 
made up into trains must be accelerated to full speed and 
stopped in minimum time, the unit equipment may consist of 
four heavy motors with automatic devices for controlling the 
motive power, an elaborate system of high-speed automatic 
air brakes supplemented with air signals, and the most modern 
appliances for heating and lighting by electricity. The follow- 
ing discussion will be limited to a consideration of the average 
modern equipment, operated under ordinary conditions. 


2. The trunk connections have to do with the wires and 
devices traversed by the motor current in its passage from the 
current collector—trolley wheel, third-rail shoe, or conduit 
plow, as the case may be—to the point or points where the 
main control device receives it for application to the motor 
circuit in various combinations. The motor ground connec- 
tions are sometimes considered as part of the trunk system. 

For notice of copyright, see page tmmediately following the title page 
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TRUNK WIRE 


8. The trunk wire is the wire part of the trunk con- 
nections, and takes its name from the fact that it conducts the 
total motor current of the car. It begins at the current 
collector and its path depends on the nature of the system 
on which the car is to be operated and on the location of the 
devices to be included. For example, Fig. 1 indicates the 
trunk wire on an ordinary surface car equipped with two 
hood switches and a fuse box; all devices are named and the 
current path is indicated by the order of the numbers. Fig. 2 
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shows the arrangement on cars intended to operate on both 
a third-rail and overhead ground-return system. The over- 
head construction includes two trolley stands, on opposite 
ends of the car, which may or may not be connected together; 
in either case a roof wire runs from each stand to a single- 
pole, double-throw, change-over switch in the vestibule or 
cab on that end. The third-rail construction consists of a 
spine wire running down the center of the under side of the 
car floor. The third-rail contact shoes on opposite sides of 
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the same truck are connected by a cross-wire that also con- 
nects to the spine wire, thereby connecting all four shoes 
together. A shoe is necessary on each side of each truck, 
because not only does the third rail contain gaps in places, 
but it frequently changes from one side of the track to the 
other. A car operating always from the same end on a road 
having a continuous contact rail always on the same side of 
the track would require but a single contact shoe. The con- 
tinuation of the spine wire on both ends of the car is carried 
up through the bulkhead in some cases; in other cases, 
through metal conduit Stands 

on the outside, to the S f 

other outside post of = 5 ee a 
the change-over switch 
in the vestibule. From 
the handle post of the 
change-over switches 


the controller trunk At 


= Crcut breakers. —> 


Lightning MIT CSIOFS 


; 4 Cnet A 
wire runs to a circuit- 


—a 


breaker, located in the ¢ | | 
vestibule or under the DT O-—~Controfler Posts, +O 
car, and the other side PEGs 2 

of the circuit-breaker connects to the trolley post of the 
controller on that end. In some cases, a circuit-breaker 
or enclosed fuse is introduced in the spine-wire extension 
before it goes through the car floor, the idea being to have 
a safety device as near as possible to the contact shoes; but 
this idea is more often carried out by installing a fuse, 
called a shoe fuse, on the side of the truck above each con- 
tact shoe. The advantage gained by using the change-over 
switches is that the contact shoes of a car operating from 
the overhead wire are not alive. This is an important fea- 
ture of safety at stations where passengers might come into 
contact with the third-rail shoes. 


4, Fig. 3 is a diagrammatic sketch of the trunk connec- 


tions on a car equipped to operate on a conduit system. 
In this case, the trunk wire must traverse the distance from 
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the floor to the roof four times in order to reach the two over- 
head switches or circuit-breakers and return to the two con- 
troller trolley wires required in a metallic-return system. 
‘ie boas switches are not necessary in this case, but 
are used to afford the 
motorman a conve- 
nient means of inter- 
rupting the current 
should the controller 
become disordered. 
On the open-conduit 
Shoes system, as operated 
in New York City, 
besides the motor 
switches installed in 
the bonnet there are installed under the car two circuit- 
breakers, two ground switches, so called because they were 
formerly the only means of cutting off the effect of grounds, 
and two fuses. All these devices are in series, so that the 
opening of any one of them will interrupt the current. 
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OVERHEAD-TROLLEY FITTINGS 


5. On ground-return overhead systems but one wire is 
used, so that short cars and long cars operating from the 
same end all the time require but one trolley device. Long 
cars that operate from both ends usually have two trolley 
devices, only one, however, being used at a time. On 
metallic-return overhead systems two trolley wires are used, 
thereby requiring a double, or duplicated, trolley device. 
On very long cars, there should be a double trolley device on 
both ends if the car operates from both ends. 

The trolley device, or ¢volley, as it is commonly called, 
consists of a brass grooved wheel that turns on an axle sup- 
ported in a suitable forked device, called a harp, that is 
riveted to the /volley pole; the pole being clamped in the 
socket of a spring base pivoted to a foot that is screwed to a 
board fastened to the car roof. 
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THE STAND 


6. The Nuttal Stand.—Fig. 4 shows a type of 
trolley stand of which there are many inuse. Base a, pivoted 
to foot 6, which is let into the trolley board, carries an 
upright extension that serves as a bearing for axle 0, around 
which socket G can rock in a vertical plane. Wings ff, 
integral with the socket casting, engage tension rods ¢,e, of 


which the other ends engage castings d. Movement of 
socket G in a clockwise direction will cause right-hand ten- 
sion rod e to pull on its casting d, thereby compressing 
spring S mounted on right-hand arbor f and resisting the 
movement of the socket. Counter-clockwise movement of the 
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socket will put the left-hand spring S into action. It follows, 
then, that if a pole under tension leaves the wire, the suc- 
cessive action of first one spring and then the other lessens 
the shock that the device would otherwise get. 


7. The Union Stand.—Fig. 5 shows the union stand, 
which, having but one spring, cannot be rocked over. The 
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characteristic feature of this stand is that the same spring 
serves as a tension spring and as a recoil spring to take the 
shock when the wheel flies off the trolley wire. 


POLE, HARP, AND WHEEL 


8. Pole.—The pole proper, which is from 12 to 15 feet 
long, is about 12 inches in diameter at the large end, and 
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holds this diameter for about 2 feet, when it tapers gradually 
to a diameter of 1 inch. Most poles are steel, hard drawn 
by a special process, 
and offer great resist- 
ance to bending. A 
slight bend in a pole 
is generally straight- 
ened by using a post 
with a hole in it as a 
vise and bending by 
hand; but severe bends 
should be taken out by 
sledging cold. A pole 
should not be heated 
to straighten it, as the 
character of the steelis 
generally such that the 
part heated becomes soft and easily bent. Fig. 6 gives an 
idea of the straight and tapered part of a standard pole. 


9. Harp.—The harp in which the wheel turns is the 
forked device secured to the small end of the pole. Harps 
are made of malleable iron or brass and are of various sizes 
and shapes, depending on local conditions. Fig. 7 shows 
several styles of harp, all of which are provided with two 
springs a; the end of each spring bears against the side of 
the trolley wheel, thereby preventing the bearing surface 
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between the wheel and axle from carrying appreciable cur- 
rent. The main requirements of a harp are that it be as light 
as practicable and of smooth contour, to minimize the chances 
of its catching in the line work and pulling it down. 


10. Wheel.—The trolley wheel is a device on which 
much experimenting has been done to determine the best 
shape of wheel and the best composition of metal consistent 
with long life of the wheel and trolley wire. Some wheels 
wear out more quickly than cthers, and some are harder on 
the trolley wire. A wheel that is too soft will wear out very 
soon; on the other hand, a wheel that is too hard or that 
has a poorly shaped groove will scrape the trolley wire at 
curves and turnouts. Almost all roads do a certain amount 
of experimenting to decide what shape and metal are best 
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adapted to the overhead construction. A good lesson can 
be learned from a careful observation of worn-out wheels; 
some wheels wear out most in one place and some in another; 
the same make and shape of wheel will wear differently on 
different branches of the same road. 

Fig. 8 shows a type of wheel, of which a is the flange; 
6, the groove; c, the bushing or bearing; d, the hole through 
which the axle passes; and e, the hole for oiling. On the 
more modern types of trolley wheel, of which a number are 
shown in Fig. 9, the bearings are of the self-lubricating type. 
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The diameter of trolley wheels varies from 4 to 8 inches, 
according to the speed of the service, the most common 
size being about 42 inches in diameter. The last of the 
series of wheels shown in Fig. 9 is called a sleet wheel, 
because it is used to cut sleet off the wire. The wheel is 
cast with holes in the flanges and the machining of the 
grooves leaves the holes with sharp edges that cut the sleet. 
In the absence of a sleet wheel it is customary to remove 
the ordinary wheel and use the harp as a cutter. 


| 
| 

| | | 
| er | 
| | fi 
| ! 
e | 
ey ee eee en, ee 


Fie. 9 


11. Pressure of Wheel on -Wire.—The pressure of 
the wheel against the trolley varies from 12 to 20 pounds, 
according to local conditions and the speed at which the car 
is to run. Too light a pressure will permit the wheel to 
jump off at kinks and turns, while excessive pressure will 
wear all parts unnecessarily and cause trouble in replacing a 
wheel that has jumped the wire. Under ordinary condi- 
tions, the pole should make an angle of about 45° with the 


car roof and the upward pressure on the wire should be 
about 15 pounds. 
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SWITCHES AND BREAKERS 


SWITCHES 


12. Remarks.—The motor switches used on cars to 
interrupt the motor circuit are of the same general type, 
whatever may be the nature of the system on which the car 
is to operate. On ground-return systems they are installed 
under the car hoods, and are called hood switches. In 
slotted conduit work the hood switches are also installed 
for reasons of safety, but in addition similar switches are 
installed under the car, as near as possible to the plow shoes. 


13. Type of Switch.—Fig. 10 shows a motor switch in 
very general use; it is of the magnetic blow-out type. 


Fig. 11 shows the top plate removed, exposing the connec- 
tions. In Fig. 11, e+ is the roof wire leading to the switch 
and e—, that leading from it. The switch blade turns on 
pin f as a center, and // indicates the magnetic blow-out coil 
in the bottom of the case. Switch blade 2 is of iron and 
covers part of the magnetic circuit through which coil J 
sets up lines of force that pass across the current-breaking 
contacts. When the switch is closed, as in the figure, cur- 
rent enters at e+; to reach pin A, part of the current passes 
from the terminal jaw a through the switch blade, and part 
passes through coil J/, which is of very low resistance. The 
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total current passes through the right-hand end of blade B 
to reach jaw d. On opening the switch, the instant jaw a 


breaks contact with the switch blade, the entire current must 
pass through blow-out coil 7, thereby establishing a strong 
magnetic field that ruptures the arc at d. 


CAR CIRCUIT-BREAKERS 

14. In some cases, circuit-breakers have entirely 
replaced hood and ground switches; in others, one of the 
two hood switches has been 
replaced by a circuit-breaker; 
while in still others, two ground 
switches have been supple- 
mented by two circuit-breakers 
connected in series with the 
switches and located alongside 
of them. All car circuit-break- 
ers have facilities for operating 
them by hand, like a switch, 
and the only advantage of using 
a circuit-breaker and motor 
switch in series is to obtain the 
automatic safety feature of the 
breaker without buying two 
breakers. Car circuit-breakers should always be adjusted in 
the position that they are to occupy when on the car, other- 
wise gravity may introduce an error in the setting. 


Fic. 12 
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15. General Electric Car Circuit-Breaker.—Fig. 12 
shows a type of surface-car circuit-breaker made by the 
General Electric Company. When used as 
a hood breaker it is enclosed in a box from | 
the front end of which the handle projects, 
as indicated in Fig. 13. 

In Fig. 12, A and &A are the. breaker 
terminals and & the operating coil, which 
also provides magnetism for extinguishing 
the arc. Coil 2 pulls armature X against 
spring S whenever the current exceeds that 
for which the breaker is set. The operating 
current value is adjusted by means of nut 7. The iron 
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plate P and a similar one back of it are magnetized by the 
current in coil B, and as the are occurs between these two 
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poles, it is promptly extinguished by the magnetic field 
existing there. 

Fig. 14 shows the movement of parts during operation of 
the breaker. The contact segment engages fingers g,g’, so 
that the breaker is 
closed. When the 
. breaker operates, the 
center of the contact 
segment o takes a 
: | ND position coinciding 
i en §=§=6with line A” BY, 

ae thereby leaving an 
i) open circuit between 
= fingers’ g, g’. “The 

; arc is forced up by 

the magnetic field to 
auxiliary contacts y,y, between which it is broken with- 
out damage. 
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‘ 
16. Westinghouse Type of Car Circuit-Breaker. 
Fig. 15 is a general view of a surface-car breaker made by 


aay agmicttsnttitttnitittttte tremor 


the Westinghouse Company. The screw for adjusting the 
operating current value is shown at 7; this screw must be 
pulled out a little and turned while it is held out, in order to 
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adjust the tension on the spring that regulates the tripping 
point. Fig. 16 shows the breaker with the circuit-breaking 
parts exposed, and Fig. 17 indicates the movement of the 
circuit-breaking parts from the on- to the off-position. 
When handle a is to the left, the breaker is held closed, 
because spring / keeps togglejoint cd beyond the dead 
center, but no further than permitted by a projection on the 
under side of slide f. 

To operate the breaker by hand, handle a must be forced 
to the right, thereby bending the togglejoint to the left and 
permitting spring 7 to snap blade e and all attached parts 
to the dotted posi- z,, 
tion. “Atitomatic OQ (¢ 

a) 


operation is effected py sce 
by an electromagnet, 2) 
the coil of which is 
energized by the cur- 
rent and pulls arma- 
ture eg to the left, 
thereby bending the 
togglejoint to the left, *" 
as. ite the case of | ee 
hand operation, : 9 ae 
whenever the current a 
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exceeds the value for : aS (es 
which the breaker is cs, 
set. The secondary Wy 


fos Pe 
contacts o and p are any : a 
in parallel with the ee ¥ 
primary contacts m, 2 
when the breaker is closed. When the breaker operates, 
m leaves 2 before o leaves /, thereby breaking the current at 
contacts 0 and ~, which are cheap and easily replaced. The 
final break takes place in a powerful magnetic field that 
promptly extinguishes the arc. 
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FUSES 


17. At one time, the fuse alone was used to protect 
motor circuits from excessive currents. On many roads, the 
circuit-breaker has superseded the fuse, because, for protec- 
tion under given conditions, a circuit-breaker can be set to 
act at a closer overload value with a fair degree of certainty 
than a fuse; and in cases of operation, it is much easier 
and quicker to close a breaker than to replace afuse. Circuit- 
breakers kept in proper repair and adjustment are certainly 
more reliable than fuses, from the protection point of view. 


Fre. 18 


On some large roads there seems to be a tendency to revert 
to the practice of using fuses, at least in conjunction with 
circuit-breakers, because in many cases of failure of the 
circuit-breaker the controller has blown up with disastrous 
results, as regards suits for damages. A circuit-breaker in 
series with a fuse is a good combination on a car, as the 
breaker is normally more of a protection than the fuse, but 
the fuse will prevent accidents should a short circuit occur 
and the breaker fail to operate because of being stuck. 


WESTINGHOUSE CAR FUSE 
18. Fig. 18 illustrates a type of fuse box introduced by 


the Westinghouse Company. The asbestos-lined iron box is 
divided into two parts a and 6, hinged together through a 
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togglejointed construction ¢ provided at the front with the 
handle bar d, the raising of which brings the two halves a, 6 
together. In the bottom half are copper terminals with 
V-shaped grooves e, into which a piece of copper-wire fuse 
of suitable length is dropped. Registering with the V-shaped 
grooves é,é in the bottom terminals are V-shaped tongues f, f 
in the top terminals. On bringing the top and the bottom 
halves of the case together, by pulling up handle bar d, the 
two pairs of V-shaped jaws automatically clamp the fuse in 
circuit. The advantages of this type of fuse box are low 
maintenance cost and the care and quickness with which a 
fuse can be replaced without liability of shock; the lower 
terminals are dead when the case is open. 

The size of copper wire to be used as a fuse to protect any 
equipment of given horsepower can be obtained as follows: 


Rule.—/ultiply the total horsepower ot the equipment by 70, 
and tn the circular-mils column of any wire table find the near- 
est number to the product so obtained. 

EXAMPLE.—What size of copper wire must be used to protect an 
equipment of two 50-horsepower 500-volt railway motors? 


SoLuTIon.—The total horsepower of equipment is 2 50 = 100. 
100 * 70 = 7,000. The nearest number to 7,000 in the circular-mils 
column of a B. & S. wire table is 6,529, which corresponds to a No. 12 
B. & S. wire. Ans. 


ENCLOSED FUSES 


19. Figs. 19 and 20 illustrate fuses that, on account of 
the fuse metal being enclosed, are called enclosed fuses. 
The hollow cartridge a, Fig. 19, is made of some tough, 
fibrous, insulating material and is provided with copper 
heads or terminals 6. The fuse metal occupies the hollow 
space, and its two ends connect to terminals 4; the space 
surrounding the fuse is filled with finely divided powder, 
such as plaster of Paris mixed with powdered borax, which, 
when the fuse melts, fluxes with the molten metal, rendering 
it non-conducting and preventing the formation of an arc. 
The fuse as a whole is installed in spring jaws c, connected 
with terminals d, by means of which the fuse is connected 
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in the circuit to be protected. In Fig. 19, the parts are 
simply mounted on a slate base, but in Fig. 20 the whole 
device is enclosed in an asbestos-lined iron box a, provided 
with a lid 6 held closed by latchc. The trunk wire passes to 
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fuse-block terminals d through hollow insulating bushings e. 
Some enclosed fuses, instead of having contacts to fit spring 
jaws, have ordinary eye terminals that must be secured to 
their seats with screws. The screw connection is probably 
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more mechanical, but the spring-jaw construction is suffi- 
ciently safe and is much more convenient. 

To tell whether or not the enclosed fuse is blown, a small 
wire f, called the ¢e//¢ale, is connected in parallel with the 
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enclosed fuse but on the outside of the cartridge. When 
the main fuse blows, the telltale burns out also. The 
enclosed type of fuse can be installed without danger of 
burn or shock, by taking hold of the cartridge at the middle. 


LIGHTNING ARRESTERS 


20. Lightning arresters used in car work are prac- 
tically the same as many of the arresters described in a 
preceding section. A car arrester must have facilities for 
extinguishing the arc due to the line current following the 
lighting discharge across the gap. Owing to the jolting and 
vibration to which a car arrester is subjected, the spark 
points cannot be set for as thin an air gap as on a stationary 
arrester, because of their liability to jolt together and pro- 
duce a short circuit. The arrester must be enclosed in a 
wooden box, which protects it from the mud and water slung 
by the car wheels. 

On cars that operate entirely in a tunnel or on a conduit 
system, no arresters are needed on the car, but exposed line 
feeders are protected in the usual manner; this is also the 
case on elevated third-rail systems. On overhead metallic- 
return systems, both ends of the motor circuit must be pro- 
tected by an arrester. On ordinary surface trolley cars but 
one arrester is used on the trolley end of the motor circuit; 
two would be better as a factor of safety should one get 
out of adjustment. 

An arrester having parts depending on gravity for action 
should be installed vertically, otherwise it cannot work. 
Where an external choke coil is used, or an arrester has 
three terminals, one of which leads to an internal choke 
coil, care must be taken to connect the arrester so that the 
choke coil is in series with the motor circuit and not in series 


with the air gap. 
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RESISTANCE COILS 


21. Westinghouse Starting Coil.-—Fig. 21 illustrates 
a type of car resistance coil, or so-called diverter, made 


by the Westinghouse Company. It is of the well-known 
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barrel type wound with band iron, with mica insulation 
between layers. It is a decided improvement on older types 
in that the ventilation facilities are much better, on account of 
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an air space being left between the sections of the winding; 
(a) shows the coil and (4) one of the iron hangers used for 
suspending the coils from the car sill. 


22. General Electric Grid Coil.—Fig. 22 is a view of 
the General Electric type of grid coil, of which Fig. 23 (4) 
shows the shape of the cast-iron grid and (a) the 
zigzag path of the current through the grids. 
The grids a,a are assembled on insulated studs 
6, 6, end plates c,c, Fig. 22, being then put on 
and the whole compressed into a solid mass by 
drawing up on nuts d at both ends. Feet / are 
for hanging the coil from the car floor. On the 
middle stud 4, Fig. 23 (a), all the grids are sepa: 
rated from each other by mica insulating washers. 
On the two outside studs 6, however, considering 
any two adjacent grids, they touch each other on one stud, 
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The current entering at one end is thus compelled to take a 
zigzag path to the other end, as shown by the arrows. The 
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coil shown represents the unit starting coil used in heavy 
traction work, a complete starting coil of any desired capac- 
ity being composed of the required number of unit starting 
coils connected in series or parallel, or both. The coil used 
for surface trolley-car work is of the same construction, but 
is longer and may contain several sizes of iron. 


23. Lundie Grid Coil.—Fig. 24 is a general view of 
the Lundie grid coil, and Fig. 25 shows the shape of grid 
used. The method of assembly is the same as that of the 
General Electric, except that contact between adjacent grids 
is improved by inserting a soft copper washer between them. 


24. Westinghouse Grid Coil.—Fig. 26 is a general 
view of the grid coil. The general method of assembly is 
the same as that of the preceding examples, with the excep- 
tion that adjacent grids are connected by means of a brass 
plate screwed to both of them, as shown at a. 


CAR-WIRING REQUIREMENTS 

25. Strictly speaking, the name car wiring includes all 
wires necessary to the operation of a car, but it is generally 
understood to apply only to the wires that interconnect the 
controllers, motors, resistances, and the ground; that is, the 
wires and dependent taps included in a consideration of 
the wiring cable of an ordinary car. The connections of the 
heaters and lamps are referred to independently as the heater 
wiring or the lamp wiring, while the stretch of circuit 
extending from the trolley stand to the controller trolley 
wire is referred to as the trunk wiring. On cars of moderate 
weight, it is customary to run the wires in a canvas hose or 
in conduit extending from one controller to the other, the 
hose being slit at intervals to let out taps that connect the 
several car wires to their respective controlling, operating, 
or safety devices. On heavy cars involving the use of large 
currents, the car wires are not bunched together in a hose, 
but are run separately on a smooth insulated surface, spe- 
cially prepared for them, if necessary, and afterwards covered 
with specially molded insulation. 
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Fig. 27 illustrates a molded insulation, called electrobestos, 
used for this work. In ordering such expensive insulation, 
great care must be taken to get a correct plan of the pro- 
posed layout of the car wires, for mistakes in regard to 
it will be expensive. The car for which the samples of 
electrobestos shown were made had its under surface pre- 
pared within the working area by laying a sheathing of hard 
maple, this wood being comparatively free from acid; nailed 
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to the maple sheathing was a 4-inch layer of transite board, 
another special insulation not affected by water. After the 
installation of the transite, all nails passing through it were 
tested for insulation to see that they touched no grounded 
part. ‘The molded type of insulation is specially adapted to 
those equipments on which all main-motor wires can be kept 
under the floor, the area to be insulated being there more con- 


gested and limited than on equipments employing platform 
controllers. 
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26. The following abstracts from the rules of the 
National Board of Fire Underwriters emphasize the impor- 
tance of taking every practicable precaution to minimize the 
fire risk when installing car wiring, and thereby incidentally 
minimize the chances of operating troubles. 

On cars equipped with motors of over 75 horsepower each, 
the under side of the car body should be lined with at least 
g-inch approved insulation material or sheet iron or steel 
2's inch in thickness, extending 8 inches beyond all edges of 
motor openings, resistances, and other electrical apparatus 
not amply protected by the containing case. All conductors 
must be stranded and joints must be so spliced as to be both 
mechanically and electrically secure without solder, then 
soldered and covered with insulation equal to that on the 
conductor. All cut-outs and switches having exposed live 
metal parts are to be located in asbestos-lined cabinets. 
Cut-outs and switches not in iron boxes or in cabinets must 
be mounted on not less than 4-inch fire-resisting insulating 
material, which must project at least ¢ inch beyond all sides 
of the cut-out or switch. A cut-out switch must be placed 
as near as practicable to the current collector so that the 
opening of the fuse in this cut-out will cut off all current from 
the car. All conduits where exposed to dampness must be 
water-tight. All junction and outlet boxes must be so 
installed as to be accessible. Joints in molding must be 
mitered to fit close, the whole material being firmly secured 
in place by screws or nails and treated inside and out with 
waterproof paint. 


27. The current used in determining the size of trolley, 
motor, and resistance leads is taken as a percentage of the 
full-load current, as given in Table I. 

Table I is to be used in conjunction with Table II, taken 
from the Underwriters’ table of carrying capacity of rubber- 
covered wires. 

Suppose that it is required to determine the size of trunk 
wire to be used with an equipment of four 50-horsepower 
motors. The total horsepower is 200, corresponding to a 
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current (theoretically) of 300 amperes at 500 volts. From 
Table I, the size of wire is to be based on 40 per cent. of the 
current. .40 x 300 = 120 amperes. From Table II, the 
allowable size for 120 amperes is No.0 B. & S., having a 
cross-section of 105,500 circular mils. 


TABLE I 
Suan fs Motor Ca Trolley Leads Sees 5 
Horsepower FO ore Per Cent. 
75 or less 50 40 15 
Over 75 45 35 15 
TABLE I 
B. & S. Gauge Amperes Circular Mils 
8 33 16,510 
6 46 26,250 
5 54 33,100 
4 65 41,740 
3 76 _  §2,630 
2 90 66,370 
I 107 83,690 
(0) 127 105,500 
00 150 : 133,100 
000 177 167,800 
0000 210 211,600 


The size of motor leads, by which is meant the size of wire 
running from each motor terminal, is obtained as follows: 
The full-load current of each motor is 75 amperes; from 
Table I, 50 per cent. of 75 amperes is 873 amperes; from 
Table II, the wire to be used is No.6 B. & S. 
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ELECTRIC-CAR-HEATING APPLIANCES 


ELECTRIC HEATERS AND CONNECTIONS 


28. All electric-car heaters are made on the prin- 
ciple of forcing sufficient current through a resistance to 
heat it. A case keeps the feet and clothing of passengers 
from the hot wire. According to the size of car and 
the make of heater, four, six, eight, ten, twelve, or even 
twenty heaters are required per car. For a given amount of 
heat required, the smaller the heater and the more of them 
that are used, the more evenly will the heat be distributed 
through the car, but the more places will thus be created 
where trouble is liable to arise. 

As regards efficiency, heaters of all makes are about the 
same. To keep a 20-foot closed car comfortable during aver- 
age weather in the vicinity of New York requires a current of 
about 10 amperes at 500 volts; this is between 6 and 7 horse- 
power per car. Therefore, it costs considerable to heat a car 
by electricity, and when the heaters are in use there is quite 
a large additional load thrown on the station. On the other 
hand, electric heaters occupy no passenger space, they dis- 
tribute the heat more uniformly than stoves, they are cleaner, 
and they allow the heat to be more easily regulated. For 
these reasons the electric heaters are extensively used, even 
though they are more expensive to operate than coal stoves. 
They are nearly always installed in such a manner that at least 
three degrees of heat can be obtained by operating a heater 
switch, which changes the connections of the heaters. 

‘The number of makes and styles of heaters is large, and it 
would be out of the question to treat all of them here. One 
or two typical examples will be described, however, in order 
to illustrate the method of connecting, which is practically 
the same for all makes. 
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TYPE OF PANEL HEATER 


29. Fig. 28 shows the coil used in a standard type of car 
heater made by the Consolidated Car Heating Company and 
constructed as follows: Ona stout rod are strung porcelain 
tubes that run the full length of the heater. These pieces 
have a spiral groove made continuous the full length of the 
core by the manner in which the porcelain-tube sections are 
placed on the rod. The heater coil is placed in this groove 
and a large amount of wire is thus placed in a limited space 
in a manner that admits of free circulation of air. The 
terminal wires that run out of the case at each end through 
porcelain bushings are attached to the ends of the coils by 
twisted and soldered joints and are well secured without the 
aid of binding posts. In each heater are two coils, like that 
shown in Fig. 28, placed one above the other, as indicated in 
Fig. 29, which represents a heater with the front plate 
removed to show the two coilsin place. The type illustrated 
is for a side-seated car, and is intended to be set into a 
rectangular hole cut in the seat panel. Similar but shorter 
coils are adapted to cases of cylindrical form to be installed 
under cross-seats. 

Fig. 80 shows the style of coil and the method of mounting 
it in the cylindrical type of heater made by the Gold Car 
Heating Company. Fig. 31 shows the Gold cylindrical 
heater complete. 


HEATER-WIRING DIAGRAM 


30. All electric-heater systems employ practically the 
same method of connecting the heaters and regulating the 
heat. Each heater has two independent coils, one of higher 
resistance than the other. Fig. 32 shows the heater wiring 
for a set of four Consolidated heaters controlled by the 
heater switch illustrated in Fig. 38. All top sections of the 
heaters are connected in series and all bottom sections are 
similarly connected. The negative ends of both sections 
of the last heater are grounded, on a ground-return system, 
or permanently connected to the negative conductor of a 


28 ELECTRIC-CAR EQUIPMENT $41 


metallic-return system. The positive ends of the two series 
of sections are so connected to the heater switch that on 
the first position of the handle all top sections are in series 
across the line; on the second position, the top sections 
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are cut out but the bottom sections are in series; on the 
third position, the top and bottom sections are in parallel 
with each other, thus giving the greatest degree of heat 
obtainable with the given heaters. On the off-position of 
the heater switch all current is cut off. 


OTHER SYSTEMS OF HEATING 


31. Other devices than electric heaters are used for 
heating electric cars. Among them are the stove, hot-water 
system, and a system whereby the heat generated in the 
starting coil of the car is utilized. The main objection to 
electric heaters is the cost of the energy required by them, 
being more than one-third of that required to propel the car. 
The objections to stoves are the dirt that they make and the 
space occupied. 

In the hot-water system of heating, the water flows 
through a closed circuit of heat piping including a pipe spiral 
contained in a firebox at one end or at the center of the car. 
The main objection to the hot-water system is the liability of 
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freezing unless the cars when not in use are kept fired or are 
laid up in a heated car house. 

The starting-coil heating system is a feature of the 
combination traction brake and heat system of the Westing- 
house Traction Brake Company. Resistance coils inside the 
car absorb the waste energy incident to starting and to 
generation of current by the motors when utilizing the 
traction brake. In warm weather such an arrangement 
would not be desirable, so that provision is made for then 
using the customary starting coil located under the car. 


ELECTRIC-CAR LIGHTING 


INCANDESCENT LIGHTING CIRCUITS 


REMARKS 

32. The incandescent lighting circuits on a car 
include the interior incandescent lamps, the rear platform 
lights of a surface trolley car, and possibly a hood or dash 
headlight, together with the facilities for changing over one 
or more lamps when the operating end of the car is changed. 
On cars to be made up into trains, there must be facilities 
for lighting both platforms on all but the forward car, which 
will probably also require signal lights, or markers, on the 
bonnet in addition to the headlight on the hood; and there 
must be change-over switches with which to change the 
headlight, markers, and platform lights to suit local condi- 
tions. In addition to lighting the car, the lamp circuit, when 
in good condition, is an indication as to whether the line is 
alive or not and as to the condition of the voltage. 


EXAMPLES OF INCANDESCENT LIGHTING CIRCUITS 


833. Fig. 84 shows a form of change-over switch that 
accomplishes the same result as the plug shown in Fig. 35. 
Both are used to cut one lamp out of circuit and cut another 
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in its place, as indicated in Fig. 36, which shows about the 
simplest arrangement of lamps for a car that must operate 
from both ends and always 
have a headlight and a rear- 
platform light. With the two 
plugs or switches in the full- 
line positions of-the diagram, 
a headlight HZ burns on 
both ends; with both plugs 
or switches in the dotted-line 
positions, a platform light PZ 
burns on both ends. To get 
a headlight on one end and a 
platform light on the other, one switch or plug must be in the 
full-line position and the other in the dotted-line position. 
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34. Fig. 37 shows a plan of wiring for an elevated car 
employing both headlights and markers; the markers are 
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intended to indicate the destination of a train. M,M 
and A’ Z are the markers and headlight on one end of the 
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car and MM’, M' and #7’ L’ those on the other end. JZ, Z, the 
two lamps inside the car, light whenever the signal lights on 
either end of the car are in use. 


35. Fig. 38 is the lamp-circuit wiring for an interchange- 
able dash light wired in a five-lamp circuit; the headlight, of 
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course, has a lamp 7 of its own, and according as the head- 
light is on one end of the car or the other, lamps Z, or L, 
are cut out and replaced by 7. In this figure, the headlight 
is in place on the right-hand end of the car and car lamp Z, 
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is cut out. The path of the current is 7—S—/ 4-1-2-3-4- 
Y= 1. 1-5 6/2 -9-10-G. In therside of the tongue 
that slides into the socket are two contact plates, shown at o 
and x, to which are connected the two wires from the posts 
of lamp 7. At .S,.S’ are shown the springs that make contact 
with these two plates when the tongue is forced into the 
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socket. Springs S’” make a path for the current when the 
headlight on that end of the car is not in place. As soon as 
the tongue is dropped into the socket, its end forces the two 
springs apart and the current flows through the headlight. 


ARC HEADLIGHT CIRCUIT 


86. In suburban service, where cars run at high speed 
across numerous grade crossings, powerful are headlights 
are used to illuminate the right of way for a considerable 
distance ahead of the car. In city work, the strong light 
projected by an arc lamp is undesirable. 

Fig. 89 is a general, and Fig. 40 a sectional, view of the 
Crouse-Hinds combination are headlight, which is provided 
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with an incandescent light attached inside the door:so that 
for city work the smaller light can be used. The arc-light 
carbons are inclined at an angle of 45° with the perpendicular, 
to present a large area of crater to the center of the reflector 
and to a certain extent overcome the dark spot usually present 
when vertical carbons are used. The initial drawing of the 
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arc or its reestablishment after running over a line breaker 
or otherwise interrupting the current, and the feeding of the 
carbon are automatically controlled by a coil in series with 
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the arc. The resistance used in series with the arc light is 
such as to admit a current of 8g amperes at 550 volts, the 
drop across the arc then being about 75 volts. Both the 
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incandescent attachment, supported on the door, and the arc- 
lamp circuits have plugs and receptacles of their own, and in 
order to obviate the necessity of pulling the plug of the lamp 
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circuit that it is not desired to use, both receptacles are con- 
nected to a two-way switch, the position of which determines 
which circuit shall be supplied with current. When the 
headlight is changed from one end of the car to the other 
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both plugs must be removed from the receptacles. Fig. 41 
is a diagram of connections when both lamps are installed, 
and Fig. 42, the connections for the are lamp only, the incan- 
descent attachment being omitted. 


TRACK SIGNALS 


37. On single-track electric roads, turnouts or sidings are 
provided to enable a fast car to pass a local and oppositely 
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bound cars to pass each other. The stretches of single track 
between sidings must be protected by signal systems, so 
that oppositely bound cars may not meet in collision or a 
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fast car run into a slow one. In some cases, elaborate auto- 
matic signals are installed, but usually the signal system is 
manual in operation, consisting of a signal-lamp box at each 
end of the stretch of single track connecting two turnouts. 
The signal generally takes the form of a red light to block a 
car, and a white light or no light to show a clear track. 
Fig. 43 illustrates the connections of a simple signal system. 


38. Simple Signal System.—lIn Fig. 48, K, and K, are 
two-way switches, one of which is located at each end of the 
stretch of single track to be protected. The switch tongues 
are connected by No. 10 iron wire strung on the line poles 
and including two 16-candlepower incandescent lamps R#,, R.z 
provided with red globes. Each switch has a trolley contact 2 
and a ground contact 3 including a red lamp (2X, and R.). 
Each trolley contact includes two white lamps W,, W;,. When 
the two switch tongues are in their full-line positions, white 
lamps W, and red lamp #, burn in the No. 1 signal box, 
while red lamps FR, and #&, burn in the No. 2 signal box. 
With the two switch tongues in their dotted-line positions, 
however, red lamps #, and #&, burn in the No. 7 box and 
white lamps W, and red lamp #, in the No. 2 box. If both 
switch tongues rest on contacts of the same polarity, no 
lamps can burn. 


39. Assume that a crew approaching the No. 7 box finds 
all lights out; under this condition either the system is out 
of order or both switch tongues are on ground or trolley. 
The conductor throws the handle to the opposite side, and if 
the lamps light it shows that they were extinguished by the 
conductor of another car leaving the block. If the lamps 
light just before he is able to throw the switch, it means that 
the conductor on a car entering the other end of the block 
has thrown his switch and the first car must wait until the 
second car comes through and clears the block. The con- 
ductor befere entering the block now throws the switch to 
the other side to protect himself and throws the switch in the 
signal box at the other end of the block, when passing out, 
to clear the block for the next car. 
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BRAKES 


INTRODUCTION 


40. The most important part of any car equipment is the 
brakes, and they are closely involved in the financial success 
of aroad. If cars are equipped with modern motive appli- 
ances but provided with a poor system of brakes, or if a 
good system of brakes is grossly neglected, loss due to 
accidents will be sure to result. Conditions governing the 
manner of applying brakes effectively vary widely, and the 
degree to which brakes in good order can be applied depends 
on the friction between wheel and rail and on that between 
wheel and shoe. When a brake is applied, the friction 
between wheel and rail tends to keep the wheel turning, 
while that between the shoe and wheel tends to stop the latter. 
The frictional effect tending to stop the wheel or keep it 
turning depends on the nature of the surfaces in contact and 
on the force with which the surfaces are pressed together. 

The pressure tending to stop the wheel is proportional to 
the force exerted by the brake shoe; the pressure tending to 
keep the wheel rolling is proportional to the weight resting 
on the wheel. The permissible pressure to be applied to a 
shoe without locking a given wheel will vary with shoes of 
different material; for example, a shoe pressure that would 
not lock a wheel braked by an iron shoe might lock it ifa 
wooden shoe were substituted, because the coefficient of 
friction of wood and iron surfaces is greater than that for 
iron and iron. In practice, where cast-iron shoes are used to 
brake cast-iron or cast-steel wheels, long experience has 
established the rule of making the shoe pressure applied to 
a wheel 90 per cent. of the weight resting on the rail under 
the wheel; and foundation brake riggings are designed 
accordingly. In electric-railway service, however, and 
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especially in high-speed service employing heavy motors, 
the pressure applied to the shoe is sometimes made 10 per 
cent. greater than the weight resting on the rail under the 
shoe. This increase in the percentage of braking pressure 
is rendered practicable by the inertia of the heavy rotating 
armatures, which tend to keep themselves and the geared 
wheels turning after braking pressure is applied, thereby 
making the effective weight tending to keep the wheel 
rolling greater than the actual weight resting on the rail. 
When all axles do not carry motors, care must be taken to 
design the foundation rigging so that the extra shoe pressure 
permitted by armature inertia will be applied only to those 
wheels that are geared to armatures. 

Irrespective of the system of brakes used, the degree to 
which brakes can be effectively applied and the manner of 
applying them depend on the condition of the rail. An 
application that will stop a car satisfactorily on a clean rail 
may cause the wheels to lock and slide on a slippery one, 
the slippery condition seeming to affect the rail-wheel 
friction much more than it does the shoe friction. Braking 
conditions on a slippery rail are improved by applying sand 
to one rail, as is usually done, and the improvement is 
increased 100 per cent. by sanding both rails, as is seldom 
done, except in steam practice. 

On surface trolley cars, hand-brakes are generally used; 
they can be designed to stop the heaviest cars at high speeds, 
but in doing so the travel of the brake-lever arms becomes 
so great that considerable time is required to take it up and 
effect astop. On high-speed suburban cars, on elevated cars, 
and for other heavy traffic, air brakes areused. On single cars 
or on two-car trains, straight air brakes are used, while on 
longer trains automatic brakes are depended on. All forms 
of power-brake equipment, however, are supplemented by 
hand-brakes, which are retained as a factor of safety in case the 
power brake should fail or should it be necessary to brake a 
car cut off from the source of power. 
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Equalizer Bar 


HAND-BRAKES 


Brake Bearn 


Turn Buckles 


SINGLE TRUCK 
41. Fig. 44 shows a common form of stngle-truck 


Equalizer Fods 


brake rigzing, most of the 
parts of which are designated 
in the figure. Brake beams 
B, B are supported on the 
ends and slide in cast-iron 
brake-beam castings fixed to 
the side frames of the truck. 
In Fig. 45, A is the slide cast- 
ing; B, the beam; and #/, the 
truck member that supports 
the casting. Equalizer rods 
r,r, Fig. 44, connect to equal- 
izer bars &, & and each equal- 
izer rod ends in a jaw J, to 
which the equalizer bars are 
rigidly connected, but in 
which the brake beams move 


freely, as shown in Fig. 46, | 


where # is the rod; /, the 
brake jaw; 4, the beam; and £, 
the equalizer bar. In Fig. 44, 
links HY, H are connected to 
the brake levers Z,Z and 
equalizer bars by means of 
pins. Links /, 7 connect the 
brake lever and brake beams. 
F is a pin around which Z 
and # can move, and /, is a 
pin common to Z and &. In 
the diagram, the brakes are 
shown off and the shoes have 
been pulled away from the 


wheels by the release springs A, K. One end of each spring 
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is fixed to a lug on the car truck and the other end to the 
brake beam or shoe head. Brake slides wear rapidly and 
give trouble in winter by getting 
stopped up with frozen mud; the main 
objection is that the harder the brakes 
are set, the harder the brake beams 
press against the brake slide castings, G34) 
with the result that the harder the brakes are set, the harder 
it is to set them. The operation of the brake will be apparent 
I from an examination 
Ss of Fig.46. The force 
exerted on the pull 
Fie. 46 rod P, Fig. 44, draws 
the brake beams 4, 2 together, and thus presses the shoes 
S, S against the wheels. 


42, The main objections to existing single-truck rig- 
gings are that the release springs do not always effectively 
keep the brake shoes off the wheels, and the nature of the 
lever construction is such that the brakes apply harder on the 
rear end than on the forward end. A glance at the brake rig- 
ging of almost any single ggg p-p 
truck will show that the 
shoes on one end are an 
inch or more away from 
their wheels, while those 
on the other end cling to 
their wheels. The brake 
levers are all released, but 
the release springs on one 
end being stronger than on the other pull the weaker springs 
out and force their shoes to the wheels with pressure depend- 
ing on the difference in strength of the opposing release 
springs. Fig. 47 illustrates diagrammatically the leverage of 
one end of the single-truck rigging of Fig.44. Lever PH W 
is 36 inches long and |S, is the rear brake beam connected to 
PFW at F, through rod F'S.; S, is the front brake beam. 
Supposing the shoes on beam 5S, to be against their wheels, 
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a pull of 2,000 pounds at /, in the direction of the arrow, 
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will force beam S, 
against its wheels 
with a pressure of 
22 x 2,000 = 10,000 
pounds. Supposing 
the shoes on beam 
S, to be against their 
wheels, a pull of 2,000 
pounds at P will pull 
beam 5S, to its wheels 
with a force of *& 
2,000 =—71 2.008 
pounds, a difference 
of 2,000 pounds, be- 
cause beam .S, is 
applied by a lever 
having its fulcrum 
between the applied 
force and the de- 
livered force, whereas 
beam .S, is operated 
by a lever having the 
delivered force be- 
tween the fulcrum 
and the applied force. 


DOUBLE-TRUCK 
BRAKES 


43. Fig.48 shows 
a type of double- 
truck rigging much 
used. The tendency 
to apply the rear 
brakes harder than 
the forward ones ex- 
ists on double-truck 


riggings, and is overcome by the use of an extra equalizing 
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lever that cannot well be applied to single trucks. In Fig. 48, 
fulcrum / and fulcrum /, of the equalizing lever are fixed to 
the car body. Levers P, 7, P, and P; P, F, are supported by 
a strap hanger that permits horizontal sliding motion and 
are connected by turnbuckle rod 7, ?;. The rigging is indi- 
cated in the position of best leverage, the brake being set. 
Assume a pull of 2,000 pounds to be exerted on lower pull 
rod P causing the lower end of lever P/F (of which the 
long arm PF is 24¢ inches and the short arm, 16% inches) 
to move to the right and thereby exert a pull on rod a P,. 
1 
The pull on a P, is ae x 2,000 = 2,900 pounds. As rodaP, 
4 

connects to lever P. /; P;, 2,900 pounds is the pull applied to 
this lever, of which the long arm is 15¢ inches and the short 
arm 6% inches, the fulcrum being at 7, and the power being 
applied to the long arm. Accordingly, the pull on tension 
move! 122, 1h" sis ae < 2,900 = 6,915 pounds. The pull on 
turnbuckle 7; /P, is 6,915 + 2,900 = 9,815 pounds, which if 
applied directly to the short tension rod P; W leading to the 
arch bar of the rear truck would apply excessive braking 
pressure. To avoid such a condition, equalizing lever P; P; 4; 
is introduced, the effect of which is to make the pull on 
short tension rod P; W, 6,915 pounds, the same as on the 
long rod P, W, thereby insuring that the braking pressure 
on both trucks shall be the same. 


44. Rods P,, P, connecting to the ends of the arch bars 
are the truck pull rods that P 
apply the braking pressure 
to the truck levers. Fig. 49 
shows half the truck rigging 
on a truck equipped with 
inside hung brakes. A pull 
to the left on rod P P, forces 
SHOES 51, 9. against. their 
respective wheels, rod P, P; being subjected to compression. 


Py XY 
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MAXIMUM-TRACTION BRAKES 
45. The body rigging for maximum-traction trucks 
is the same as that for ordinary double trucks, but the truck 
rigging must be modified to divert the greater part of the 
braking pressure to the large wheels, the axle of which 
supports more than two-thirds of the weight of the motor. 
Fig. 50 illustrates half of the truck rigging used on the 
Peckham maximum-traction truck. Bent lever 4 has the 
truck pull rod connected to jts upper end, while its lower end 
attaches to a push rod that operates the shoe S of the large 
Pull Rod wheel. Lever 4 has no 
stationary fulcrum, but is 
pivoted at y to lever B, 
which has a stationary 
fulcrum at x. The lower 
end of lever B connects 
to a push rod that applies 
the brake shoe s to the 
small wheel: A pull to 
the left on the pull rod 
turns lever 4 in a counter- 
- clockwise direction on 
as acenter, thereby apply- 
Fie. 50 ing the large shoe S to 
the wheel; z then becomes a center around which lever 4 
continues to turn, thereby causing lever # to turn in a clock- 
wise direction on fixed center x, the lower end of & forcing 
small shoe s against its wheel. The movements of the large 
and small shoes have necessarily been considered consecu- 
tively, but as a matter of fact they take place simultaneously. 


STRAIGHT ATR BRAKES 
46. General Remarks.—By a straight air brake 
is meant one operated by compressed air admitted from a 
storage reservoir directly to the brake cylinder without 
dependence on any automatic device. The straight air brake 
represents one method of securing a quick-acting powerful 
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brake, effective without manual exertion on the part of the 
operator, and free in design from excessive leverages. The 
air used for operating a straight air equipment may be com- 
pressed at stations located along the line and stored in a 
reservoir located on the car, in which case the system is 
known as the storage air system, or the compressed air may 
be obtained from an air compressor located on the car itself. 
In the latter case, the compressor may be driven from a car 
axle, in which case it is called an axle-driven compressor, or 
by an independent electric motor, in which case it is called 
an independent-motor-driven compressor. 


47, Principal Parts of Straight Air Equipment. 
The principal parts of a straight air brake equipment that 
compresses its own air, are: the azr compressor, usually 
driven by an electric motor; the mazn reservoir, or steel 
tank, into which the compressor stores the air to be used as 
required; the aztomatic governor, which starts and stops the 
compressor motor according as the main reservoir pressure 
is below or above a certain value; the azr gauge, or pressure 
gauge, usually provided with a red hand, which indicates 
main-reservoir pressure, and a black hand, which indicates 
the pressure in the pipe line leading to the brake cylinder or 
cylinders; the drake cylinder, which carries a piston that 
operates the system of brake levers when communication is 
established between the reservoir and brake cylinder; the 
engineer's valve, by means of which the motorman lets air 
into the brake cylinder to apply the brake or discharges 
brake-cylinder air to atmosphere to release the brake; the 
foundation rigging, consisting of the various levers, rods, 
and carriers necessary to apply and support the brakes; the 
pipe connections, connecting the engineer’s valves, brake cylin- 
der, reservoir, compressor, governor, gauges, and coupling 
hose when the motor car is to haul a trailer or become part 
of a train. 


48. Ona storage air car equipment, the compressor and 


all parts connected with it are replaced by reservoirs carry- 
ing air stored in them at high pressure at compressor stations 
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located at termini and at intermediate points, if necessary. 
A service reservoir carrying the air at the pressure at which it 
is admitted to the brake cylinder, is connected to the high- 
pressure storage reservoirs through a reducing valve. The 
equipment has the usual foundation rigging, brake cylinder, 
gauges, and engineer’s valves, and the method of operation is 
the same as that of a compressor equipment. 


EQUIPMENT WITH INDEPENDENT-MOTOR-DRIVEN 
COMPRESSOR 

49. The Compressor.—Fig. 51 is a perspective view of 
the Christensen compressor with the top half of the motor 
frame and the two bearing caps removed in order to take out 
anarmature. Fig.52 (a) is a horizontal section through the 
pump casing; Fig. 52 (4), a partial vertical section showing 
the valve construction; and Fig. 52 (c), a section at right 
angles to the crank-shaft. The rotation of crank-shaft a, 
geared at one end to the shaft of armature 4, oscillates pis- 
tons c in cylinders d. The pistons connect at opposite ends 
of acrank-shaft diameter, thereby minimizing vibration. The 
two cylinders with valves at but one end, constitute a double- 
cylinder single-acting pump. The gear-case and the crank- 
shaft chamber are kept partially filled with oil poured in 
through elbow e, which also gauges the level of the oil. 
Cylinder head f contains all valves, and its removal exposes 
the ends of the pistons and cylinders. The air inlets are 
protected by strainers that exclude dust from the suction 
valves. All valves are interchangeable, excepting in so far 
as wear may affect them, and can be withdrawn by removing 
caps g. To clean the valve chambers, plugs # must be taken 
out. To remove an armature, disconnect and lift off the top 
field frame & and remove armature caps. To change a gear 
draw off the oil and remove nut o and the gear-case. 


50. The compressor made by the General Electric Com- 
pany is a departure from usual practice, in that it is driven 
through neither a worm nor a gear, the air pump pistons 
being directly connected to a slow-speed motor, also, the 
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pump action is compound instead of duplex. Fig. 53 is a 
sketch of connections showing a section through the gov- 
ernor G. Through 
fitting a, air from 
the reservoir enters 
chamber 6 behind 
rubber diaphragm c, 
which presses on 
plate d, the stem e 
of which actuates 
mechanism f and 
opens switch ¢ when 
reservoir pressure 
exceeds a certain 
value; blow-out coil 
hk suppresses arcing 
at the switch con- 
tacts. A second pipe 
(not shown) runs to 
the engineer’s valve or reservoir line, as the case may be. 
Table III gives data relating to a number of different makes 
and sizes of air compressors used on electric cars. 


<a 
N 


4S SIO 


bber Hose 
Insulation 


Fie. 53 


51. The Engineer’s Valve.—Fig. 54 is a vertical 
section through the Christensen engineer’s valve, of which 
Fig. 55 shows the operating positions. The handle can be 
installed or removed only on dap position, so called because 
on this position all ports in the valve seat are lapped or 
closed. Movement of the handle to the right until shoulder 
interferes with it (service position) establishes a small opening 
between the valve ports leading to the reservoir and brake 
cylinder, bringing the car to a gradual or service stop. If the 
handle is forced to the right as far as it can go (emergency 
position), a large opening is created through which reservoir 
air rushes to the brake cylinder, bringing the car to an emer- 
gency stop. On the first position to the left of lap, a small 
opening is created between the brake cylinder and atmos- 
phere, allowing the brake to release gradually; this position 
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is used for gradual releasing and for running and is therefore 
called the slow-release and running position. If instead of 
moving the valve handle to this position after an application 
it is moved to the extreme left to guzck-release position, the 
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size of the opening between the brake cylinder and atmos- 
pheric ports is such that the brake-cylinder air rushes out, 
allowing the release springs to release the brakes suddenly. 
On cars under headway, the valve is kept on sJow-release, 
because the opening here existing between the brake cylinders 
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and atmosphere precludes the possibility of leakage across 
the face of the valve admitting air to the brake cylinder 
to set the brake unknown to the motorman. Quick-release 
is used for fully releasing the brake preparatory to starting 
after having made a stop. Slow-release is used for letting 
some of the air out of the brake cylinder when it is found 


Train Pipe 
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that the car is going to stop too soon. The emergency 
position is used only in time of danger, and an emergency 
application should be accompanied by a liberal application 
of sand to the rail. An emergency application does not set 
the brake any harder than a prolonged service application, 
but sets it more quickly. 


52. Each application of the brake reduces the pressure 
available for the next stop, but if the automatic governor is 
in order, the pressure cannot fall belowa certain amount, 
for which the governor is adjusted. When the governor is 
out of order, however, it must be cut out and the starting 
and stopping of the compressor controlled by hand. Under 
this condition, the motorman must watch the pressure gauge 
and pull the switch when the gauge indicates maximum allow- 
able reservoir pressure and close it when leakage or usage 
reduces the pressure to nearly the lower allowable limit. 
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The general practice is to allow a margin of 10 pounds, the 
maximum limit being 60 or 65 pounds and the minimum 50 
or 55; there is, however, a tendency toward employing 
higher pressures—80 to 90 pounds. To reduce reservoir pres- 
sure from 60 to 50 pounds requires at least two emergency 
applications; the number of service applications required 
depends on the efficiency with which the applications are 
made and on the local track:conditions. Less air is required 
to stop on an up grade than on a level; less on a level than 
on a down grade; and less on slippery rails than on good rails, 
to avoid locking the wheels. 


53. Valves made by different companies vary somewhat 
in construction details, some, as in the case of the Christensen, 
being rotary valves, while others, like that of the Westing- 
house Traction Brake Company, being slide valves; all oper- 
ate to the same end. ‘The off, or lap, position is always the 
neutral position in which the braking air is held in the con- 
dition existing at the time of lapping the valve, and only in 
this position can the handle be removed or installed—a pre- 
caution necessary to insure that the brakes may hold when 
the motorman removes the handle to change ends on a grade. 
Air at high pressure is hard to hold, and too much reliance 
must not be placed on lap position to hold air in the brake 
cylinder for a prolonged period. A car braked with air 
should not be left unattended unless the hand-brake has 
been set. If the handle is left on service position, all air 
must leak out of both the brake cylinder and reservoir before 
the brakes will release. If the governor and compressor 
are cut in and are in good condition, it cannot do this, but 
the pressure will be maintained at great loss of energy not 
to mention wear and tear on the compressor. 


54. The Pressure Gauge.—A pressure gauge indicates 
the air pressure in the device to which it connects. Where 
two or more air-braked cars are to be operated together, a 
gauge having two hands, and called a duplex gauge, is used; 
one hand indicates main-reservoir pressure and the other 
the pressure in the ¢vazn /ine or pipe connecting the brake 
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cylinders together. Ordinarily, single-hand gauges are used 
on single cars, only main-reservoir pressure being indicated, 
but a duplex gauge represents the best practice in that it 
shows at a glance whether the brake cylinder contains air or 
not, and minimizes the probabilities of starting or running 
with the brake partially set. 
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55. Fig. 56 is a general view of a duplex air gauge, of 
which Fig. 57 shows the internal mechanism. The thin metal 
lobes 4, B have the cross-section indicated in Fig. 57 (d), but 
internal pressure due to the compressed air tends to change 
them to the dotted cross-section of Fig. 57 (c), thereby giving 
the ends of the lobes lateral movement. Through racks /, ¢ 
pivoted at e, the end motions of lobes 4, B, respectively, are 
transmitted to pinions d, 2 on spindles 7, 7 concentric with the | 
pinions. These spindles carry the gauge hands, and since 
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lobe 4 fastens to the rack above the fulcrum and lobe 2 below 
the fulcrum, both hands move around the dial in the same 
direction. Connection J/ to the main reservoir admits air to 
the lobe that operates the red hand, while connection 7 to 
the train line admits train-line air to operate the black hand. 


56. Automatic Governor.—Fig. 58 is a top view of 
the Christensen automatic governor, generally called the 
pump governor. Z and & are electromagnets in which an 
iron armature A carrying an extension J is free to slide. 
kK and &’ are contact fingers, A’ being stationary and K 
being carried by, but insulated from, extension 7. Disa 
magnetic blow-out coil through which the current passes and 
which suppresses arcing when fingers K, A’ are pulled apart. 
P is the regulator constructed on the same principle as a 
single-hand air gauge; the hand, however, instead of indi- 
cating pressure carries on its end a carbon knob /, which, 
according to the condition of main-reservoir pressure, touches 
contacts 7 or 7. Connection x leads to the main reservoir. 
Fuses ¢,, f, protect the governor magnets. Connections 7, JZ, 
and G passing through insulating bushings z connect, 
respectively, to trolley, the pump motor, and the ground. 
The connection to the regulator hand is made very flexible 
to avoid interfering with the movement of the hand. 


57. Fig. 59 is asketch of the connections of the governor 
of which the operation is as follows: The regulator hand ¢ 
is so adjusted that at minimum allowable main-reservoir 
pressure, or less, it rests against contact post / leading to 
magnet Z. Suppose that the reservoir is empty and that it is 
necessary to get up pressure: On closing the pump switch XK, 
current comes in at 7 to junction X; if magnet Z had been the 
last one to operate, armature A A would be at the left end of 
its travel and fingers K, A’, Fig. 58, would touch, so that 
current could take path X-C_B-D-Y-M-M'-W-G, Fig. 59, 
through the pump motor and start it; the current through 
magnet Z is negligible because it is practically short-circuited 
by the path just traced. In this particular case, then, when 
armature 4 A, Fig. 58, is already in the proper. position 
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coil ZL does nothing. Suppose, however, that at the time of 
closing the pump switch, armature 4 4 happens to be to 
the right so that fingers K, A’ cannot touch; in this case no 
current can get across the open circuit between C—4, and the 
pump motor cannot start at once; but current takes path 
X-L-t,-l-t- Y-M-M'-W-G, Fig. 59, thereby exciting mag- 
net Z, causing it to jerk all parts to the left, thereby closing 
the motor circuit and simultaneously short-circuiting the 
magnet circuit, as already explained. As the gradually 
increasing pressure in the main reservoir and hence in the 
regulator lobe straightens out the lobe, knob ¢ moves from 
contact post 7 toward contact post x The instant it touches 
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post 7, trolley current takes path 7~X—C_4-D- Y-#-1-4,-R-G, 
thereby exciting magnet #, which pulls armature 4 4, 
Fig. 58, to the right, opening the motor circuit and simul- 
taneously stopping all current flow through itself. Arma- 
ture A A will remain at the right-hand end of its travel until 
usage or leakage reduces main-reservoir pressure to its 
lower allowable limit, when contact between regulator knob ¢ 
and contact post / will again cut in the compressor. 

Connecting posts x and 7 can be slid back and forth in the 
circular slot indicated in Fig. 58. By adjusting these posts 
in the slot, the governor can be made to cut in the com- 
pressor at one pressure and out at another. 
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58. The Brake Cylinder. 
a standard brake cylinder 
made by the National Elec- 
tric Company (Christensen 
Engineering Company). 
In Fig. 60, 7 is the cylinder 
body; 2, the front head; 
3, the back head; 4, the 
piston; 6, 7, the front and 
back forks through which 
pass bolts 75 and 16, around 
which turn the cylinder 
levers of the foundation 
brake rigging; 8 is the re- 
lease spring; 77, the piston 
packing DOlTS 5 22. the 
head-bolts; 13, the hollow 
piston stem; P, the push 
rod. At 11 is a threaded 
hole for the piping to the 
-engineer’s valve. 

The operation of the 
cylinder parts is as fol- 
lows: Fork 6 is station- 
ary; fork 7 moves back 
and forth with rod P, 
which operates the cylin- 
der levers. Air admitted 
through hole i1 forces 
piston 4 to the left, carry- 
ing with it rod /P, which 
moves the lever connected 
tO pin-16- and sets the 
brakes. In moving to the 
left piston, 4 compresses 
spring 8, so that when the 
brake valve is moved to release position exhausting brake- 
cylinder air to atmosphere, spring 8 returns piston 4 and 


Fig. 60 is a section through 
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at c, by flange bolts (not shown). 


hollow stem 23 to normal 
position. Since fork 7 and 
push rod P are independent 
of stem 13, the push rod 
must be returned to nor- 
mal position by the release 
springs on the brake rig- 
ging. The object of hav- 
ing P and 13 independent 
of each other is that when 
the hand-brake is used 
and push rod P must be 
pulled out, it will not be 
necessary to pull out 4 
and 13 against the tension 
of spring 8. The brake- 
piston travel should be 
kept within the limit pre- 


> scribed by the manufac- 


turing company, because 
beyond this limit the side 
pressure of the push rod P 
will be sufficient to split 
out the end of the hollow 
stem 713. 


59. Fig. 61 shows a 
brake cylinder manufac- 
tured by the Philadelphia 
Air Brake Company. As 
it really consists of two 
brake cylinders, each with 
its own piston rigging, it is 
called a duplex cylinder. 
In Fig. 61, @ and 4 are the 
two cylinders accurately 
alined and bolted together 

Crosshead d, operated by 
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the piston of cylinder a, is connected to crosshead e by rods # 
that pass through guides g; and crosshead / operated by the 
piston of cylinder 4, is connected to crosshead 7 by rods /, 
which also pass through guides g. Crosshead e is connected, 
by means of rods, to the arch bar that distributes the pull 
applied to the truck on one end and crosshead 7 is connected 
to the arch bar on the other end. When the air pressure is 
admitted to the cylinder space between the two pistons, they 
move apart, the one in cylinder a applying the brakes on the 
right-hand end and the piston in $6 applying them on the left- 
handend. The breaking of a rod or lever connected with the 
rigging of one piston does not interfere with the braking 
power of the other, because the two riggings are entirely 
independent. The duplex air riggings, together with the 
independent hand-brake rigging shown, constitute three inde- 
pendent means of braking in an emergency. The duplex 
arrangement of cylinders simplifies the foundation rigging 
and equalizes the brake pulls applied to the two trucks with- 
out the use of special levers for that purpose. 


60. The Reservoir.—The reservoir, Fig. 62, is a steel 
tank generally supported under the car by iron hangers 
bolted to the sills, but sometimes placed inside the car under 
the seats or even on the car roof. In cases where space is 
limited, two smaller reservoirs can be used instead of one 


large one. In suchacase the two reservoirs should be piped 
in series, as indicated in Fig. 63 (a), and not in parallel, as 
in Fig. 63 (4). The first connection has the advantage that 
most condensation takes place in the first reservoir, leaving 
comparatively dry air to be used from the second one. Abts 
greater the capacity of the main reservoir, the higher is the 
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pressure with which it will equalize with a brake cylinder of 
given capacity in an emergency application and, hence, the 
quicker will be the stop. Also, the larger the reservoir, the 
longer will be the periods of rest and consequent cooling 
afforded the compressor motor, because once charged to 
maximum pressure, the greater are the number of applica- 
tions that can be made without reducing the pressure suffi- 
ciently to cut in the compressor. For these two reasons, 
then, the main reservoir should be as large as practicable. 
In practice, main reservoirs and brake cylinders are limited 
to standard sizes adopted by the manufacturers. 


ee ee 


(a) 


(b) 
Fic. 63 
61. Layout of Devices.—Figs. 64 and 65 show a lay- 

out of the Christensen straight air-brake equipment and give 
an idea of the location and interconnection of devices. If 
the two drawings are conceived to be held together so that 
points a, 6 on one register with the same points on the other, 
the result is a complete equipment for a single-end car; and 
if an extension similar to Fig. 65 be added also to the right- 
hand end of Fig. 64, the complete layout for a double-end 
car is the result. In these figures are indicated devices not 
heretofore considered—pipe and lever connections, coupling 
and insulation hose, hand-brake, and whistle. 


62. The air-brake lever system is shown in Fig. 64, 
and consists of front and back cylinder levers 4, B connected 
by rod C. Front and back brake rods D, E connect at one 
end to their respective cylinder levers 4, B and at the other 
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end to the truck arch bars to which connect the pull rods 
from the individual truck brake riggings (not shown). 


63. The hand-brake lever system is independent of 
that of the air brake, but in all cases its stresses are in the 
same direction. Hand-brake lever Z is attached to the car 
body at O; pull rods P and Q fasten to the hand-brake staff 
through the brake chains. Winding up either chain, by 
turning the hand-brake wheel, causes lever Z to turn around O, 
thereby pulling on brake rods 4/7 and J, which connect to the 
arch bars independently of air-brake rods D, £. 


64. The piping system consists of a reservoir pipe @ 
and train pipe 4 extending the full length of the car in the 
case of double-end control, but extending only from the 
engineer’s valve to the brake cylinder and main reservoir in 
single-end control. The compressor is piped to the reser- 
voir, the other end of which is joined to the reservoir pipe 
and pump governor (see pipe c, Figs. 64 and 65). 


65. The insulation hose /,/ are used to insulate the 
governor and compressor from the grounded devices to which 
they connect. When the frame of a device operating on a 
ground-return system is not grounded, the tendency of any 
current-carrying part to ground to the frame is greatly reduced. 
Two connections with the frame will be necessary to interfere 
with the operation of the affected device. In many cases an 
insulating coupling is used instead of the piece of hose. 


66. Operation of Equipment.—Before taking a car 
out, the governor cock must be turned on and the pump 
switch closed. The governor will then cut in and start the 
compressor, which will store air in the reservoir until its 
pressure reaches standard value. On running a car into the 
house for the night, the pump switch should be opened, 
otherwise, if the pipe system has leaks, they will keep the 
governor cutting in and out and the compressor in intermit- 
tent operation all night. 

In Fig. 65 only one snap switch is shown in the pump cir- 
cuit; on double-end cars, two pump switches, one on each 
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end of the car and within easy reach of the motorman, are 
preferable, so that should the governor get out of order 
the motorman can conveniently control the air pressure by 
opening and closing the pump switch irrespective of the 
end on which he may be operating. 


STORAGE AIR-BRAKE EQUIPMENT 


67. General Remarks.—The engineer’s valve, brake 
cylinder, reservoir, and lever system, and most of the piping 
used on an independent-motor straight air-brake equipment, 
can also be used on a storage air equipment. In addition to 
these parts, there must be storage reservoirs, a reducing 
valve between the storage and service reservoirs, various 
stop-cocks and check-valves, a charging coupling, and high- 
pressure gauge. 


68. Fig. 66 isa diagram of the storage air-brake equip- 
ment installed on a double-truck car by the Westinghouse 
Traction Brake Company. Only one engineer’s valve is 
shown connected, but two are installed where a car is to be 
operated from both ends. The charging couplings on both 
sides of the car are connected by a pipe that connects to 
one end of the high-pressure storage reservoirs. Charging 
air, at 325 pounds per square inch, on entering either coup- 
ling passes through one storage reservoir and then through 
a cross-pipe to the second storage reservoir. The air passes 
into the service reservoir through a cut-off cock and an 
automatic reducing valve, which keeps the service-reservoir 
pressure constant. The service reservoir connects to the 
engineer’s valve, or valves, and includes a safety valve to 
insure against abnormal pressure getting into the brake 
cylinder should the reducing valve get out of adjustment. 
The gauge that indicates service-reservoir pressure is located 
in the head of the engineer’s valve, a feature peculiar to the 
valve made by the Westinghouse Traction Brake Company. 
The gauge that indicates the pressure existing in the high- 
pressure reservoirs is a separate instrument that connects 
directly to one of them. 
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69. The Reducing Valve.— The reducing valve 
employed for maintaining constant. pressure in the service 
reservoir is the well-known Westinghouse slide-valve 
feed-valve used for maintaining constant train-line pres- 
sure on automatic air-brake equipments. In the storage air 
equipment, the valve body is adapted for pipe connections 
from the storage and service reservoirs instead of a fitted 


connection to an engineer’s valve. Fig. 67 is a conventional 
diagram in which the upper and lower valve parts, which 
are in planes at right angles to each other, have been 
revolved into the same plane in order to show the ports and 
passages more clearly. When used as a reducing valve, as 
on the storage air equipment, the high-pressure reservoir 
connects to a pipe fitting leading to port f and the service 
reservoir to a pipe leading to port z. 
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The operation of the valve is as follows: Storage-reser- 
voir pressure is in continuous communication with chamber 
through port f; chamber /, separated from chamber F by 
supply-valve piston 54, is connected to passage z and thus 
with the service reservoir through passage cc, port a (con- 
trolled by regulating valve 59), and chamber A over metal 
diaphragm 57. Regulating valve 59 is normally held open by 
diaphragm 57 and regulating spring 67, the tension of which 
is adjusted by regulating nut 65. When open, chamber & is 
in communication with the service reservoir and is subject to 
service-reservoir pressure. Assuming that usage or leak- 
age has reduced service-reservoir pressure below normal, 
storage-reservoir pressure in chamber / forces supply-valve 
piston 54 to the right, compressing spring 58, carrying 
supply valve 55 with it and uncovering port 6, through which 
air passes directly into the service reservoir through pas- 
sage z, 7, raising the pressure of the service reservoir. This 
increase of pressure in the service reservoir, hence in dia- 
phragm chamber A, continues until it becomes sufficient to 
overcome the tension of regulating spring 67, which was 
adjusted to give at standard seryice-reservoir pressure. 
Diaphragm 57 then yields, allowing regulating valve 59 to 
be seated by spring 60, thereby closing port @ and cutting 
off communication between chamber & and the service reser- 
voir. The pressures in chambers © and F then equalize by 
leakage past supply-valve piston 54, and supply-valve piston 
spring 58, previously compressed by the relatively high pres- 
sure in chamber /, now reacts and forces supply valve 55 to 
its normal position, closing port 6 and cutting off communi- 
cation between the storage reservoir and service reservoir. 
A subsequent reduction in service-reservoir pressure reduces 
the pressure in chamber 4 and permits regulating spring 67 
to force regulating valve 59 from its seat, thereby causing 
the accumulated pressure in chamber & to discharge into 
the service reservoir. The equilibrium of pressure on oppo- 
site faces of supply-valve piston 64 being thus destroyed, 
the higher storage-reservoir pressure in chamber / again 
forces it, with supply-valve 55, forwards and recharges the 
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service reservoir 
through port 4, as 
before. This cycle 
of operations is re- 
peated whenever 
usage or leakage re- 
duces service reser- 
voir pressure betow 
the standard value. 


7O. The Auto- 
matic Slack Ad- 
juster.—Standing 
travel is the distance 
through which the 
piston travels to ap- 
ply the brake on a car 
that is standing; 7u2- 
> ming travel is the dis- 
tance through which 
the piston travels to 
apply the brake ona 
car that is running. 
Running travel is 
greater than standing 
travel and is due to 
slack in loose-fitting 
brasses, to the shoes 
pulling down on the 
wheels, to play be- 
tween boxes and ped- 
estals, to clearance 
between kingbolts 
and center castings, 
and to everything 
that increases lost 
motion in the brake 
rigging under the 
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influence of the motion of the car. Standing travel can be 
regulated by hand adjustment, and running travel can be 
indirectly governed, within limits, by allowing for the differ- 
ence when adjusting the hand travel. Running travel can 
be actually regulated under working conditions by using a 
slack adjuster. 


J1. Fig. 68 is a general view of the Westinghouse slack 
adjuster applied to a brake cylinder, as indicated in the 
storage air-brake plan of Fig. 66. Fig. 69 illustrates details 
of the mechanism. The underlying principle of the device is 
that a hole is tapped in the brake cylinder and a small pipe p 
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screwed in it to connect the brake cylinder with the slack 
adjuster. When the piston travel exceeds a certain prede- 
cided amount, it uncovers the tapped hole to the live end of 
the brake cylinder, permitting some of the brake-cylinder air 
to pass into the small slack-adjuster cylinder, shown at 2, 
Fig. 68, and in detail in Fig. 69. 

In Fig. 69, admission of brake-cylinder air to the space 
behind piston 3 forces the piston and the attached pawl 17 
to the left, the pawl dropping on to ratchet wheel 12, which 
is mounted on a screw connected to crosshead 15, Fig. 68. 
When release of the brakes places the brake-cylinder adjuster 
port on the atmospheric side of the brake piston, the air in 
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the adjuster cylinder escapes to the atmosphere and adjuster 
spring 7 forces piston 3 and pawl 11 back to normal position, 
the pawl turning ratchet 12 and screw part of a revolution; 
just before stopping, a heel on the pawl engages shoulder ~x, 
which raises the pawl clear of the ratchet wheel so that hand 
adjustment will not be interfered with. The result of this 
clockwise movement of the screw, Fig. 68, is to move the 
cylinder end of the brake lever nearer to the slack adjuster, 
thereby pulling all brake shoes nearer to their wheels so that 
the piston will not have to travel so far in order to apply them. 
To create considerable clearance so that a set of new brake 
shoes can be installed, the extension 12, Fig. 68, is turned in 
a counter-clockwise direction; to take up slack rapidly by 
hand, extension 7 must be turned in a clockwise direction. 
If a set of new shoes is given proper clearance, the slack 
adjuster will keep the running travel correct throughout the 
life of the shoes. To get the best results, the two cylinder 
levers must make the same angle with the axis of the brake 
cylinder. 


AUTOMATIC AIR BRAKES 


INTRODUCTION 

72. In train work, automatic air brakes are generally 
used because they are safer, especially on trains of more 
than two cars. If a train with straight air breaks into two 
parts, the air brake is useless and the hand-brakes must be 
applied on both sections. If the train has automatic air 
brakes, each section will come to a stop at about the same 
rate and there will be little danger of disaster. Again, com- 
paratively long trains can be braked much more smoothly 
with automatic air because the brakes apply practically 
simultaneously on all cars, whereas with straight air there 
may be enough difference to cause bumping or stretching. 
In automatic air brakes, the air that does the braking is 
supplied from a small auxiliary reservoir on each car and 
the movement of the air from the auxiliary reservoir to the 
brake cylinder is controlled by a triple valve so that when 


§ 41 ELECTRIC-CAR EQUIPMENT 69 


the engineer’s valve is operated the brakes are ppp ed to 
all cars simultaneously. 

The automatic air-brake devices used on electric trains 
are in most cases the same ‘as those used on steam trains, 
but, owing to the substitution of electricity for steam as a 
motive power, certain devices must be modified. In steam 
practice, the compressed air is supplied by a steam-driven 
air pump on the engine; the air is compressed into a main 
tank located on the engine and the pressure in the tank is 
controlled by a pump governor also located on the engine. 
On electtic trains on which all motive power is developed 
on a single car, the arrangement is the same as on the 
steam train except that the air pump is driven by an electric 
motor and air pressure is controlled by an electric governor. 
Where each car of an electric train must be a complete 
motive-power and air-brake unit capable of operating alone 
or on any train combination, the arrangement is a.little 
different. An automatic air-brake motor car has all the 
devices found on one equipped with straight air brakes with 
the addition of the auxiliary reservoir and triple valve, the 
functions of which can be understood by a consideration of 
Fig. 70. The only devices that have not been explained in 
connection with the straight air-brake equipment are the 
triple valve and the engineer’s valve, which is a little differ- 
ent from that used on straight air cars. Fig. 70 is designed 
merely to illustrate the operating principles of automatic 
brakes and no attempt is made to show the actual details of 
the various parts; a complete description, including all the 
constructional features of the various devices, is beyond the 
scope of this treatise. 


DESCRIPTION OF PARTS 


73. The Triple Valve.—When valve 3 of the triple 
valve is in the position shown in the diagram, Fig. 70, air 
from the train pipe can pass into chamber Z/, thence through 
feed-groove £ and chamber #& to the auxiliary reser- 
voir A, Train-pipe air will then feed into the auxiliary 
reservoir until its pressure is the same as that of the train 
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pipe, under which condition the pressures are said to have 
equalized. The pressure in chamber # is then the same as 
in Z/ and the triple valve is said to be in release position, 
because the brake cylinder is in communication with the 
atmosphere through pipe 4’, chamber &, port 6, cavity in 
slide valve 3, port 7, and exhaust chamber and port X. If 
for any reason air is drawn from the train ‘pipe, thereby 
reducing the pressure in the train pipe and in chamber Z’ of 
the triple valve, auxiliary-reservoir pressure in chamber R 
will force triple piston 2 and slide valve 3 to the right; this 
will first close feed-groove 4 so that auxiliary-reservoir air 
cannot flow back into the train pipe; then the flat part of the 
slide valve 3 will close port 6 and then open port 8 so that 
auxiliary-reservoir air can flow into the brake cylinder by 
way of chamber # and pipe B’, thereby setting the brake. 
This is called service posttion, because it is used to produce a 
service stop. In order to release a brake that has been thus 
applied, it is necessary to raise the pressure in the train pipe, 
and hence in triple chamber Z’, above that in chamber FX and 
the auxiliary reservoir, so as to force the triple piston 
and slide valve back to release position, to recharge the 
auxiliary reservoir. 


74. The Engineer’s Valve.—The engineer’s valve 
used with an automatic air-brake equipment places the 
operations of raising or lowering the train-pipe pressure 
within the control of the motorman. ‘The device marked 
motorman’s valve, Fig. 70, is a conventional sketch showing 
the general principle. Exhaust ports X and x in the valve 
seat connect together and open directly to the atmosphere; 
ports & and ry do not connect to each other except through 
feed-valve 89. Port R opens to the reservoir pipe and Z to 
the train pipe. By means of circular cavity e in the rotary 
part of the valve, the motorman can establish any desired 
connection between the valve seat ports. D 


75. In the figure, the valve handle 30 is shown in lap 
position, the only position in which it can be installed or 
removed. Lap position is used when it is desired to hold 
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temporarily to the condition that has been established in the 
braking system. For example, if it is desired to hold a 
car or train on a grade, the train is stopped and the valve 
handle moved to lap position, in which all valve ports are 
blanked so that there can be no movement of air through 
the braking system. 


76. If the valve handle be moved one notch to the right 
of lap position—to service posttion—cavity e establishes con- 
nection between train-pipe port Z and service-exhaust port x, 
allowing train-line air to escape gradually to atmosphere. 
This gradual reduction of train-line pressure causes the triple 
valves to move to service position, resulting in a service 
application of the brakes throughout a train. 


77. On moving the valve handle as far to the right as it 
can be forced (emergency position) cavity e connects train-line 
port Z to emergency exhaust port X, allowing train-line air 
to discharge to atmosphere with a rush that causes the triple 
valves to move to emergency position where the auxiliary 
reservoirs equalize with the brake cylinders almost instantly, 
thereby immediately setting all brakes with full force. In 
the conventional triple valve of Fig. 70 no emergency 
attachments are shown. 


78. Movement of the valve one notch to the left (runing 
postition) causes cavity e to establish connection between train- 
line port Z and charging port x. In this position, if the dif- 
ference between main-reservoir line and train-line pressures 


exceeds 20 pounds, main-reservoir pressure will lift feed- 
valve 41 against the feed-valve spring 42 and feed into the 


train line. Main-reservoir air will continue to feed into 
the train line until train-line pressure plus the tension of 
spring 42, usually 20 pounds, is able to seat the feed-valve. 
The difference between main-reservoir and train-line pres- 
sures is called excess pressure. On steam trains, the gov- 
ernor maintains main-reservoir pressure at 90 pounds and the 
excess-pressure valves or feed-valves are set to keep train- 
line pressure at 70 pounds. On electric trains employing 
electric governors that do not cut in or out until a certain 


{ 
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minimum or maximum pressure is attained, however, the 
excess pressure is necessarily variable. ‘The feed-valve is 
operative only on running position. If on any position 
usage or leakage of air reduces train-line pressure below its 
standard value, as soon as the engineer’s valve is returned 
to running position main-reservoir pressure will open the 
feed-valve and recharge the train line to standard pressure. 
As long as the engineer’s valve is on running position, all 
triple pistons are released and all brake cylinders con- 
nected to atmosphere so that any tendency of train-line or 
triple-valve leaks to cause brakes to creep on is offset by 
the ability of the main reservoirs to supply leaks through 
the feed-valve. 


79. To release brakes promptly after an application, the 
valve handle is moved to the extreme left to release posttion; 
here cavity e covers ports R,7, and Z and main-reservoir 
air rushes into the train line through the large and direct 
opening thus created. ‘Train-line pressure being thus rap- 
idly raised above that of the auxiliary reservoirs, the triple- 
valve pistons promptly move to release position, allowing 
the air in all brake cylinders to discharge to atmosphere. 


FEATURES OF TRAIN HANDLING 


80. Definitions.—The act of reducing train-line pres- 
sure is referred to as a train-line reduction or simply a reduc- 
tion. A service reduction causes-a service application, which 
produces a service stop. An emergency reduction causes an 
emergency application, which produces an emergency stop. 
An emergency reduction may be due to operation of the 
engineer’s valve, as described, or to a train parting or a 
hose bursting. Charging the train line refers to bringing 
an empty train line up to standard pressure. Recharging 
the train line refers to restoring standard pressure reduced 
by making a reduction. Overcharging the train line refers 
to allowing its pressure to exceed standard value when 
recharging. Overcharging the train line tends to do away 
with excess pressure. 
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81. Making a Service Stop.—In making a stop, an 
initial reduction of 5 to 7 pounds is made; any less than this 
may be insufficient to move all brake pistons beyond their 
leakage grooves, in which case the air delivered by the 
auxiliary reservoirs through the triple valves to the brake 
cylinders is wasted. An initial reduction exceeding 7 pounds 
is not recommended, as it is liable to result in a shock to 
the train. In the single-application method of stopping, the 
initial reduction is followed by a series of lighter ones, 
the braking force being kept on until the train- stops. In 
the two-application method, the initial reduction is followed 
by a series of lighter ones until the application is such that 
if held by lapping the valve, the train would stop several 
car lengths short of the desired point; before reaching this 
point, however, the brakes are released and the train per- 
mitted to roll into the station at reduced speed, when a 
mild graduated application will stop it at the exact point 
desired... A given total reduction followed by a full release 
constitutes one application irrespective of how many times 
the engineer’s valve is moved to service position and back 
to lap to make the given total reduction. The two-appli- 
cation method is well adapted to close stops, where platform 
and car gateways must register. After making the first 
application, the valve is returned to lap position. The 
second application must follow the first so closely that if 
the valve is held on release or running position any longer 
than is necessary to release the triple valves, the train-line 
pressure will increase considerably above that in the auxil- 
iary reservoirs, which will not have time to equalize through 
the small triple piston feed-grooves. This condition would 
mean a loss of air and time in making the second application, 
because the train-line pressure must be reduced below auxil- 
iary-reservoir pressure in order for the triples to operate. 


82. Making an Emergency Stop.—When danger 
requires the quickest possible stop, sand is applied to the rail 
and the valve is thrown to emergency position and Jeft there 
until the train stops or the danger is past, because if thrown 
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to lap position too soon after an emergency reduction, 
rush of train-line air from the rear of a long train is liable to 
kick off the forward brakes; on short trains, such action is 
not probable. Emergency stops may be produced not only 
by regular operation of the engineer’s valve, but by the part- 
ing of a train, bursting of an air hose, or by operation of a 
safety valve, called the conductor’s valve, that is located in a 
conspicuous place in passenger coaches and is supposed to 
be operated by any one in case of trouble not known to the 
motorman. 


83. Value of Excess Pressure.—Excess pressure is 
provided to insure prompt movement of the triple pistons 
to release position. After an application, train-line pressure 
is below auxiliary-reservoir pressure and the triple pistons 
are on lap position. ‘To force the pistons of a lot of triple 
valves in good order to release position, standard train-line 
pressure is sufficient; but when a triple shows a tendency to 
stick, it is often necessary to admit main-reservoir pressure 
of 90 pounds into the train line. A tank of given size will 
hold more air, by weight, at 90 pounds per square inch than 
70 pounds, so that carrying 20 pounds excess pressure virtu- 
ally amounts to increasing main-reservoir capacity without 
increasing the size of the main reservoir. By carrying an 
excess pressure, air is efficiently stored at higher pressure 
and efficiently used at a lower pressure sufficient to meet all 
requirements. 


84. Releasing Brakes.—Releasing brakes consists in 
recharging the train line by placing it in communication with 
the main-reservoir line through the engineer’s valve. When 
recharging the train line, great care must be taken not to 
overcharge the train line and thereby destroy excess pres- 
sure. If the engineer’s valve is left on release position too 
long, main-reservoir and train-line pressures will equalize. 
To avoid such a condition, the valve is left on release posi- 
tion just long enough to release the triples when it is placed 
on running position, so that the recharging may be -ompleted 
through the excess-pressure valve. 
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ELECTRIC BRAKES 


85. Various methods have been devised for operating 
brakes on electric cars by means‘of electricity, but so far 
electric brakes have been used but little in comparison 
with air brakes. They are all more or less complicated and 
have not proved to be as reliable or as easily controlled as 
compressed-air brakes. In most systems the current for 
operating the brakes is obtained by changing the connections 
so as to make the motors act as generators, thus making use 
of the energy stored in the car to supply the power used in 
braking. This is an economical method, but it throws addi- 
tional work on the motors, and if they are already loaded to 
the limit it may cause overheating. This source of current 
supply allows the application of the brakes even though the 
trolley may be off the line, but it is obvious that the car can 
never be brought to a dead stop ona grade by means of such 
brakes because in order to generate current the motors must 
be in motion; the hand-brake must, therefore, be applied after 
the car has slowed down. In the American electric brake, 
described iater, current is taken from the trolley so that the 
car can be stopped and held on a grade by means of the elec- 
tric brakes alone. 


GENERAL ELECTRIC BRAKE 


86. The General Electric brake is dependent on the 
generator action of the car motors. Current generated by 
the motors is passed through coils wound on a disk-shaped 
magnet supported by the motor frames; opposite these mag- 
nets are armatures in the form of iron disks mounted on the 
car axles and rotating with them. Excitation of the station- 
ary magnets causes them to attract the rotating armatures, 
thereby producing friction effective in stopping the car. 
The value of the braking current is within the control of the 
motorman up to a limit fixed by an automatic limit switch, 
which weakens the motor fields when the braking current 
exceeds the value for which the limit switch is set. The 
brake-controlling devices are within the regular operating 
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controller and consist of extra cylinder segments and fingers, 
together with an auxiliary switch that insures that the motors 
may always have their fields and armatures connected in the 
proper relation to generate, irrespective of the position of 
the reverse handle and of the direction of the car movement. 
The brake devices are put into action by advancing the 
controller handle beyond the regular off-position, an amount 
dependent on how hard it is desired to apply the brake. 


WESTINGHOUSE ELECTRIC BRAKE 


87. The Westinghouse electric brake also depends 
on the generator action of the car motors, but the brake 
itself differs widely in method of application from the one 
just described. The braking current passes through a coil c, 
Fig. 71, provided with a core terminating in poles to which 
are attached track shoes a,a’. Normally, the track shoes are 
supported a short distance from the rails by springs d, d’, but 


on sending current through coil ¢ the track shoes are drawn 
to the rail with great force, thereby tending to stop the car; 
simultaneously, through levers e, f, g, 2, and rod & attached 
to the track shoes, the regular car brake shoes 4, 6/ are forced 
against their respective wheels, thereby applying a second 
braking force. 

The electrical connections are so arranged as to permit 
of using either the car starting coil or the car heaters as 
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resistance for regulating the braking current. By using the 
heaters for brake-current regulation, the heat dissipated is 
utilized for car-heating purposes. In summer, this system of 
regulation would make a car uncomfortable, so that on closed 
cars a switch is provided to enable either the heaters or start- 
ing coil to be used. 


AMERICAN ELECTRIC BRAKE 


88. The American electric brake has several features 
not found on other electric brakes. At speeds above 4 miles 
an hour, the braking current is due to the generator action 
of the motors and to a small line current. At lower speeds, 
the braking current is supplied from the line, a special relay 
automatically determining which source of power is to be 
used. The braking pressure applied to the regular car brake 
shoes, is due to asolenoid with a plunger so designed that 
the pull is practically constant throughout its travel. The 
braking current is applied through a controller standing 
beside the regular controller, the two being so. connected 
electrically that abuse of the car equipment is prevented. 
With the brake applied, the regular car controller cannot intro- 
duce operating current, and with the power controller applied 
in full, application of the brake controller will interrupt the 
motor current before any braking force acts. On account 
of a special separate excitation feature, the braking ability 
is independent of the position of the reverse handle and of 
the direction of motion of the car. Should the brake be 
applied without the power controller having been thrown to 
the off-position, it is necessary to return the power controller 
to off-position before the brake can be released and motor 
current again introduced. 


MULTIPLE-UNIT SYSTEMS 


CPA Ree) 


INTRODUCTION 


COMPARISON OF TRACTION METHODS 


1. So far, all the descriptions of electric-car equipments 
have applied to cars that are operated separately, as in 
ordinary street traffic. With the extension of the application 
of electricity to elevated, underground, and interurban roads, 
there arises the problem of operating cars combined to form 
trains, as in ordinary steam-road practice. Trains may be 
operated by means of electric locomotives, in which all the 
propelling power is concentrated at one part of the train; in 
this case there is no propelling power on the individual cars 
making up the train. Or, each car may be provided with its 
own motors and the propelling power thus distributed 
throughout the train. A modification of the latter method is 
to have part of the cars equipped with motors and formed 
into trains with cars not so equipped. For example, a train 
might be made up of five cars, three with motors and two 
without, the train being arranged with the cars in the follow- 
ing order: Motor car, coach, motor car, coach, motor car. 
In such a train, therefore, the motive power would be applied 
at three points instead of the front end only, as would be the 
case if an electric locomotive were used. 

A locomotive must have sufficient adhesive force and exert 
sufficient tractive effort to operate the whole train. The avail- 
able adhesive force is that due to the portion of the weight 
of the locomotive that rests on the drivers; the locomo- 
tive, therefore, must necessarily be heavy to give sufficient 
Copyrighted by International Textbook Company. Entered at Stationers’ Hall, London 
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adhesive force and prevent slipping of the wheels. If each 
car is provided with motors, a large part of the total weight 
of the train rests on driving wheels and a large tractive 
effort is secured without concentrating a great amount of 
weight at any one point. Electric locomotives are desir- 
able for certain lines of work, particularly in mining oper- 
ations, where it would be hardly practicable or in fact 
necessary to equip each car or a number of cars in a train 
with motors. They are also used in connection with manu- 
facturing plants and for hauling steam trains through tunnels, 
as, for example, in the Baltimore tunnel. 


SEVERAL MOTOR CARS PER TRAIN 


2. General Conditions.—For the operation of elevated 
or underground trains in cities, the standard practice in 
America is to use trains made up of cars, each equipped with 
motors. The conditions under which these trains operate 
are more exacting than on a cross-country road, because the 
stops are much more frequent, and as it is necessary to run 
a large number of trains at close intervals, the problem of 
starting and stopping the trains in minimum time becomes 
important. Trains of this character after making a stop 
must get under headway quickly, and in order to accelerate 
the train, a powerful effort is required during the period of 
acceleration. If the train is operated by a locomotive, it is 
difficult to obtain rapid acceleration, because the weight rest- 
ing on the drivers is not sufficient to prevent slippage of the 
driving wheels. With the motive power divided among a 
number of driving wheels, and with the greater part of the 
whole weight of the train resting on the drivers, rapid 
acceleration can be procured without slippage. 

The use of individual motor cars admits of a train being 
made up of any number of cars, and as each car is equipped 
with its own driving power, the motor capacity is increased or 
decreased in proportion to the number of cars to be operated. 
This allows the size of the trains and the number of motors 
in operation to be readily changed to suit traffic conditions, 
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When an electric locomotive is used, the same motors are 
operated whether or not the locomotive is hauling cars to its 
full capacity, and as the locomotive must be large to operate 
a full train, it follows that when a few cars only are used 
the motors are operated at the low efficiency corresponding 
to a light load. With the use of motors on each car, safety 
is insured, because the motive-power units are divided and 
widely separated, and an accident to one of them does not 
interfere seriously with the operation of the train. All track 
and structure stresses are less than with locomotives, because 
of the more uniform distribution of weight. 


3. Definition of Multiple-Unit System.—The system 
of operating trains of cars, each fully equipped with electric 
motors, brakes, etc., was first developed by Mr. Frank T. 
Sprague, and has been called by him the multiple-unit 
system. Mr. Sprague’s definition of the multiple-unit 
system is as follows:* “‘It may be described as a semiauto- 
matic system of control which permits of the aggregation of 
two or more transportation units, each equipped with suffi- 
cient power only to fulfil the requirements of that unit, with 
means, at two or more points on the unit, for operating it 
through a secondary control, and a ‘train line’ for allowing 
two or more of such units, grouped together without regard 
to end relation or sequence, to be simultaneously operated 
from any point in the aggregation.’’ This definition will be 
more clearly understood after a description of the multiple- 
unit system has been given. 


4. Elementary Operating Principles.— Suppose 
three ordinary surface trolley cars to be completely equipped, 
but that instead of running the car wires from controller 
to controller in each car and letting them end there, the 
wires are run from end to end, tapping off to each con- 
troller and putting suitable couplers on the ends, as indi- 
cated in Fig. 1, so that the car wires on one car can be 
made continuous with those on the next, thus producing an 
elementary multiple-unit train. The main-current motor 
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wires will run from one end of the train to the .other, 
irrespective of the length of the train; the train can take cur- 
rent from one trolley pole, or third-rail shoe, or from all the 
poles or shoes at once, and it can be operated from any 
controller on any car, whether this car be in the middle or 
on the end of the train. Every car will do its own share of 
the work, so that the whole train will start, run, and stop 
as quickly as a single car. There are, however, several 


Contro/lers 
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strong objections to a multiple-unit system of this kind: As 
each controller would be compelled to handle the current 
required for the whole train, a large and clumsy controller 
would be necessary; the car wiring would have to be extra 
heavy to carry the total train current; and it is probable that 
a satisfactory coupler to transmit such currents would be 
impracticable. Finally, in case of short circuits or grounds 
on the car wires of any car, the cut-out devices that would 
meet all conditions would necessarily be complicated. 


5. In the multiple-unit system as actually applied these 
objections have been overcome, and there are at present two 
prominent systems. The General Electric Company, who 
acquired the Sprague patents, has brought out a multiple-unit 
system, which it designates as type M control, that is entirely 
electrical in its operation. The Westinghouse system for 
the same purpose is electropneumatic in its operation, com- 
pressed air being used to actuate the controllers on each car, 
and the valves controlling the compressed air being operated 
‘electrically. 


6. In both these systems there is placed on each plat- 
form of every motor car a small controller, called the master 
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controller, while every car has a ¢rain line, consisting of a num- 
ber of small insulated wires made up into a cable and pro- 
vided with couplers at each end of the car. All the master 
controllers are connected to this train line, which handles the 
small current required for the operation of the main control- 
lers. When the train is made up, the train line extends from 
one end to the other, connecting all the master controllers 
and the mechanisms that they operate, so that all the main- 
circuit controllers, and hence motors, can be operated from 
any master controller. The master-controller circuit is dis- 
tinct from the main-motor circuit and carries but a small 
current. The master controller has a number of positions, 
on some of which the motors are in series and on others in 
parallel, like an ordinary controller; it is extremely important, 
therefore, that the main-controller operating devices should 
respond to the notches of the master controller simultane- 
ously and with precision; for, if the main-motor controllers 
should feed up at different rates, a condition might arise 
where the motors on some cars would be in series and those 
on others in parallel, thus causing trouble. 

Each car is provided with its own braking outfit, consisting 
of an engineer’s valve, motor compressor, governor, triple 
valve, tanks, etc., so that if called on to run alone, it can do 
so. When a multiple-unit train is started, each car starts, 
and there is no bumping or jerking as when a train of cars is 
started by means of a locomotive. There is little strain on 
the couplings between the cars, and there is therefore little 
tendency for such trains to break in two. On some roads, 
for heavy high-speed traffic, the equipment intended primarily 
for the operation of multiple-unit trains has been used even 
though the cars are operated singly. On such cars, the 
amount of current taken becomes so large that it has been 
found safer and better to operate the main controller through 
a master controller on the platform. This simplifies the main 
‘car wiring, does away with the large controller that would 
otherwise be necessary on the platform, and also reduces the 
risk from fire because the main controller and wiring can be 
arranged and protected so as to reduce the danger of setting 
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fire to the cars in case of short circuits or other defects. 
The system is also well adapted to the operation of electric 
locomotives, large hoists, or other service involving the use 
of large currents, and particularly for those cases where the 
controller must be placed some distance from the motors. 


SPRAGUE-GENERAL ELECTRIC MULE 
PLE-UNIT SYSTEM 


TYPE M CONTROL 


DESCRIPTION OF APPARATUS 


be General Features.—The multiple-unit system of 
control as developed by the General Electric Company, and 
known as their type M control, is wholly electrical in its 
operation. Fig. 2 shows a general view of the motor-control 
apparatus installed on each car, and will serve to give an idea 
of the system as a whole. The master controllers A, A’ are 
placed on the platforms and control the current that operates 
the main-motor controller. The latter, instead of being a 
single device, consists of thirteen electromagnetic switches, 
or contactors, as they are called, and a reversing switch, called 
-a veverser, all located under the car in protective housings, as 
indicated in the figure. The movements of these switches 
and the combinations of connections that they make are con- 
trolled by the master controllers 4, A’. The current that 
passes through the master controller energizes the operating 
coils of the contactors and has nothing to do with the main- 
motor current. The starting resistance used to limit the 
current flowing through the motor is mounted in the frames 
15-20 in the usual manner, and the main current controlled 
by the contactors is supplied to the motors B&, C through 
suitable cables. 

The main current flows from the third-rail collecting shoes 
22; or if a trolley wire is used, the contact shoes will be 
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replaced by the trolley wheel. From 22, the current passes 
through the main switch 23, by means of which the main cur- 
rent can be cut off; it next passes through the main fuse 24, 


Ide 


which is of the copper-ribbon, 
magnetic, blow-out type. From 
24, the current passes to the con- 
tactors, reversing switch, and 
resistance grids, as described 
later, and finally through the 
motors &,C to ground. At the 
points a, a’, the control circuit 
for each controller is tapped to 
the main wire from the ecntact 
shoe, and switches 25, 25’ allow 
the interruption of control cur- 
rent through master controllers 
A, A’, respectively. From the 
controllers, the various wires 
making up the control cable pass 
to the connection boxes 27, 27’, 
which afford a ready means of 
connecting or disconnecting the 
various parts of the control cir- 
cuit, thus facilitating installa- 
tion and making it easy to split 
up the control circuit in case it 
becomes necessary to locate 
some defective part. From 27, 
the local control-circuit wires 
pass through a cut-out switch 28, 
by means of which all the opera- 
ting coils on a car can be cut out 
in case defects should develop. 
The fuse block 29 holds four 


enclosed fuses for the protection of the control-circuit opera- 
ting coils, and the high-resistance rheostat 30 is connected in 
series with different parts of the control circuit so as to limit 
the control current to the allowable amount no matter how 
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many operating coils may be in service. The coupler sockets 
for making the connection of the control circuit from one car 
to the next are shown at 31, 31’; jumpers for connecting the 
couplers of abutting cars are shown at 32, 32/. 

The foregoing will give a fair idea as to the general lay- 
out of the type M control system. After the various devices 
have been considered by themselves, the connections and 
method of operating will be described. 


8. The Master Controller.—Fig. 3 shows the General 
Electric C6 master controller with the cover in place, as it 
appears on the car. The controller, as a whole, is similar in 
its external appearance to an ordinary type K controller, 
being about the same height but considerably narrower and 
occupying much less room. It is located on the platform 
against the dash rail or vestibule front, in about the same 
manner as the controller on an ordinary street car. 

Fig. 4 shows the controller with the cover removed. The 
operating handle is shown at 7 and the reverse handle at 2. 
The operating handle is not removable, as on an ordinary 
controller, but the reverse handle is, and when removed the 
main shaft is locked so that it cannot be turned. The oper- 
ating handle turns shaft 3, on the end of which is a gear 4 
that meshes with gear 5 on the shaft of main cylinder 6. 
The main cylinder is constructed in the usual manner, except 
that the contact segments 7 are considerably narrower than 
on an ordinary controller, the current handled being com- 
paratively small. Contact segments 7 engage with contact 
fingers 8, mounted on a finger board in the usual manner. 
The iron pole piece 9 carries the insulating are deflectors 10 
that pass between adjacent contact segments whenever the 
hinged pole piece is swung into its usual position. The 
blow-out coil is indicated at 77. All current handled by 
the master controller passes through this coil and sets up a 
magnetic field that suppresses arcing at the contacts. The 
main cylinder is provided with the usual star, or index, 
wheel 12, which, in connection with a spring-actuated pawl, 
gives decision to the notches. 
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9. The C6 master controller contains a safety switch 13 
not usually found on ordinary controllers; it is provided as a 
factor of safety in high-speed work. To operate the control- 
ler and supply current to the motors, it is necessary that the 
motorman keep knob 14 depressed; if the knob is released, 
all power is at once cut off from the motors by the opening 
of safety switch 13, irrespective of the position of the 
operating handle; nor can power be applied to the motor 
circuit again without first restoring the operating handle to. 
the off-position. Should an accident befall the motorman, 
causing him to release knob 74, the train will be automatic- 
ally stopped. On this account knob 74 is sometimes called 
the dead man’s knob, or handle. 

Switch 73 consists of an insulating block on which are 
mounted two fingers 14’ connected together by a metallic 
strip. When the switch is closed, the fingers touch contacts 
mounted in the recesses above and below the auxiliary blow- 
out coil 15 cased in insulating material. The insulating 
block that carries fingers 14’, 14’ is mounted on the end of 
an arm 16 fastened to the rock-shaft 17, which is acted on by 
a spring that normally holds it in such a position that 
fingers 14’, 14’ are swung out from their respective contacts. 
All the current in the operating circuit has to pass through 
the safety switch, and unless this switch is closed by 
fingers 14’,14’ being swung in until they touch their con- 
tacts, the control circuit is inoperative and no current can be 
supplied to the motors. The movements of the rock-shaft 17 
and switch 73 are controlled by acam 79 that has a notch 
engaging a short arm extending from the rock-shaft; cam 19 
is mounted loosely on the main shaft. A spiral spring 20 
has its upper end attached to 19 and its lower end to 
collar 21, which is firmly fixed to the main shaft 3 and 
rotates withit. If handle 7 is turned, without pressing down 
knob 14, the main shaft 3 and drum 6 are turned, but.cam 19 
does not turn, because it is mounted loosely on the shaft 
and is prevented from turning by the projecting arm on 
rock-shaft 17. Under these conditions, therefore, spring 20 
merely twists or untwists, and since switch 13 is not closed, 
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the control circuit is inactive. If, however, knob 14 is 
pressed down before handle 1 is turned, a small dog, or 
catch, is pressed down and locks cam 19 to shaft 3. This 
dog is forced down by means of lever 22, hinged at 23, 
which engages a second small lever hinged at 24 and 
mounted within the handle. When cam 79 is thus locked to 
the main shaft, it forces the rock-shaft 17 to rotate through 
a small angle just as soon as handle 7 is moved from the off- 
position, thereby closing switch 73 and allowing current to 
pass through the controller. Spring 20 is placed in position 
at the factory under considerable tension, so that there is 
always a tendency for relative movement between cam 19 
and collar 21. When handle Z is moved around and 14 
pressed down, cam 79 is locked to the shaft and hence 
moves around with collar 27. There is therefore no twisting 
action on the spring and no change in the initial tension. 
Suppose, however, that knob 74 is released after the handle 
has been moved around from the off-position; the dog 
engaging 19 is released, and 19 is then free to revolve on 
the shaft independently of 27. As soon as 19 is released, 
the tension on spring 20 causes it to fly to its initial position, 
and switch 73 at once opens, thus cutting off all current from 
the control circuit. Before the catch operated by 14 can be 
again made to engage with cam 19, handle 7 must be 
brought back to the off-position, thereby restoring the 
tension in spring 20 to the original amount. The safety 
device not only cuts off the current in case of accident to the 
motorman, but it prevents current from being thrown on, 
unless all operating devices are in the starting position. 
For example, if the motors were in parallel and the power 
cut off by releasing 74, it could not be turned on again with 
the motors in the parallel position; the handle would have 
to be brought 'to the off-position and the motors worked up 
to the parallel position through the various resistance steps 
and series connections. 


10. The small cylinder 25 in the upper left-hand corner 
of the controller is the zeverse cylinder, which controls the 
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movements of the reverser 14, Fig. 2, and thus determines 
the direction of movement of the car. The handle 2, Fig. 4, 
of the reverse cylinder cannot be removed until it is moved 
to the off-position, and this motion of cylinder 25 operates an 
interlocking device that locks the main shaft 3 so that it 
cannot be moved. The removal of the small reverse handle 
therefore prevents the operation of the car from that con- 
troller, so that this small handle in effect constitutes a key 
to the operation of the train and is taken off and carried by 
the motorman in case he leaves the controller. 

The general construction and operation of the master 
controller is very similar to that of an ordinary magnetic 
blow-out controller, the principal distinguishing features 
being the automatic safety switch and the lighter construc- 
tion of the current-carrying parts. Some of the controllers 
are built without the automatic safety feature, as on some 
roads it is not considered essential. 


11. Controller Positions.—Fig. 5 is a sketch of the 
master controller top. There are ten marked positions for 
the operating handle, but only two of these, 5 and 10, indi- 
cated by marks longer and heavier than the others, are 
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running positions. On position 5, the car motors are in 
series with all resistance cut out; while on position 10, they 
are in parallel without resistance. The reverse handle has 
the usual three positions—forward, off, and reverse— the 
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arrangement. of connections being such that the position 
of the reverse handle indicates the direction of movement 
of the car. 


12. Contactors.—Fig. 6 shows a pair of contactors, 
the construction of which will be understood from Fig. 7. 
The design is such that 
two or more contactors 
can be grouped together 
on a common base, as in 
Fig. 6, thereby simplify- 
ing the heavy main-cur- 
rent connections. In Figs. 
6 and 7, corresponding 
letters have the same sig- 
nification: a is the opera- 
ting coil wound in two 
sections; 6 is a movable 
core or plunger; and c, a 
corresponding stationary core. On the lower end of 6 is 
hinged a frame d that presses on arm e through spring f. 
Arm e carries on its upper end a contact tip g that, when 
the arm is in the position of Fig. 7, presses against station- 
ary contact tip #, thereby closing any circuit of which they 
may be a part. One main terminal of the contactor is shown 
at 7, Fig. 7, and the other at 7. At &, Fig. 7 (a) and (4), is 
indicated a blow-out coil consisting of a few turns of heavy 
bare conductor. Iron pole pieces / bolted to both ends of the 
blow-out coil core ™ direct a strong magnetic field across the 
region of tips g and” so that arcing at the contact tips is 
suppressed. All smoke and gases pass out through a 
specially provided flue, of which 2 and o are the top and 
bottom walls. 


Fie.6 


13. The operation of the contactor is as follows: In 
Fig. 6, the contactors are open. The instant that current 
from the control circuit energizes operating coil ag it draws 
plunger 4 up to the position shown in Fig. 7 and the main- 
motor current enters the contactor at terminal z, passes 
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through blow-out coil £ to top contact tip 4, thence through 
bottom tip g, arm e, shunt f, and the contactor frame to 
terminal 7, which is fastened to the frame, on to the next 
device in circuit by way of the wire connecting to terminal 7. 
Spring f is instrumental in giving the contact tips a wiping 
action past each other 
when the contactor 
closes, thus making a 
good contact and 
preventing the con- 
tacts! irom stick - 
ing. The spring also 
helps gravity to re- 
lease the mechanisms 
promptly when the 
current is cut off from 
the operating coil. 


14. On several of 
the contactors, lever 
arm dis provided 
with auxiliary con- 
tacts called zzterlocks. 
Some interlocks are 
so installed and con- 
structed that they will 
be open when the 
contactor on which 
> they are mounted 
is open; others are 
arranged so as to be 
closed when the con- 
tactor to which they 
are attached is open, and vice versa. The object of an inter- 
lock is to prevent simultaneous action of two circuits in 
which such action would be objectionable. The general 
method of attaching the interlocks is indicated in Fig. 8. 
Small fingers a, a (the two fingers are in line with each other 
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so that only one shows in the figure) are attached to the 
lower part of the contactor frame and carry contact tips 0. 
When, in (a), for example, the contactor is closed, the metal 
crosspiece ¢ makes contact with the interlock fingers, and 
when the contactor opens, c drops to position c’, thus opening 
the interlock circuit. In (4), the interlock is closed when 
the contactor opens; while in (c), there are two interlocks, 
one of which closes when the contactor closes and the other 
closes when the contactor opens. ‘The interlocks are safety 
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devices and do not under ordinary conditions open or close 
the control circuit when current is flowing. 


15. The location selected for the contactors is usually 
along one side underneath the car where they will be con- 
venient for inspection and out of the way of other equip- 
ment parts. As a mechanical protection for contactors and 
reversers when installed under the car, boxes similar to that 
shown in Fig. 9 are used. Figs. 10, 11, and 12 show the 
arrangement of contactors, which are divided into three 
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groups and are protected by sheet-iron covers that can be 
dropped, as shown, to give access to them. The reverser 1s 
mounted in a casing by itself at the right-hand end. 


16. The reverser performs the same duties as the reverse 
switch of an ordinary controller; that is, it controls the direc- 
tion of the flow of the current through the motor armatures 
and thereby determines the direction of motion of the car. 
Each car must be equipped with a reverser, and the move- 
ments of all the reversers on a train are controlled by the 
small reverse switch on the master controller. Fig. 13 isa 
view of the DB20 reverser, which is mounted under the car 
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in the same way as the contactors. A cast-iron rocker a is 
hinged at J, and on the ends of the beam are two molded 
insulation pieces c,c to which are attached the heavy seg- 
ments d,d that carry the main-motor current; segments e, ¢ 
are lighter and carry the control current only. Fingers f, ¢ 
engage with the heavy segments, and g,¢ with the lighter 
ones. The rocker can be moved through a limited range by 
means of two solenoids, one of which is shown at 4; a similar 
coil is behind /, the end of its plunger being shown at &. 
The plungers of the solenoids are conne¢ted to the rocker- 
arm through suitable links, and the movement of the rocker is 
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limited by stops. When coil 2 is energized, the rocker occu- 
pies the position shown in the figure; but when the other 
coil is energized, the rocker is thrown over to the other 
position, the left-hand side being pulled toward the base of 
the reverser and the other side moving down, thus bringing 
different sets of contacts under the contact fingers. Suitable 
interlocks make it impossible for both coils to be energized 
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at once. One position of the rocker corresponds to the for- 
ward position of the reverse handle on the master controller, 
and the other to the reverse position. 


17. Connection Boxes.—Each car equipped with the 
type M control is provided with two connection boxes, 
shown at 27, 27’, Fig. 2, which are located under the car. 
Their object is to afford a simple and effective means of con- 
necting corresponding wires of several control cables without 
the use of permanent splices, Fig. 14 shows the style of box 


186—28 


22 MULTIPLE-UNIT SYSTEMS § 42 


used. It is made of iron and contains an insulating base @ 
on which are mounted clamps 4 for connecting the similar 
wires of the different control cables. Holes c are tapped for 
1-inch pipes through which the cables enter, the ends of the 
wires being soldered to the small terminals 6,4. In Fig. 2, 
there are four control cables entering the left-hand box and 
three entering the right-hand box, and in each box the 
similar wires in each cable are connected together by the 
clamps. The screwing of cover d, Fig. 14, in place renders 
the connection box water-tight. 


Fic. 14 


18. Coupling Devices.—All cars that are to be coupled 
up into multiple-unit trains must be provided with means for 
carrying the train control wires from car to car. If cars 
unequipped with motors are to be used in connection with 
motor cars, they must be provided with means for preserving 
the continuity of the control cable throughout the train. 
Connections of the control cable from car to car are made 
by means of couplers consisting of sockets placed under each 
car platform or set into [the dash, and a short piece of cable 
with a plug at each end. The piece of cable with its two 
plugs is called a jumper; Fig. 15 (a) shows a jumper con- 
sisting of two plugs connected by means of a piece of control 
cable provided with a rubber covering. Fig. 15 (6) shows 
one of the sockets, or receptacles, which is provided with 
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nine insulated contacts a connected to the nine train wires. 
tT . . 

The contacts are numbered 0 to 8, inclusive, and the train 
wires are provided with coverings in different colors or 


combinations of colors, so that there will be no difficulty in 
getting the wires connected to corresponding terminals at 
each end of the car. The hinged cover 46 swings down over 
the front of the socket 
when it is not in use, thus 
excluding dirt and water. 

The removable plugs, 4 
shown in Fig. 15 (a), areff 
provided with nine recep- 
tacles a’ into which the ter- ¥ 
minals a in the socket fit. 
The lug c slides into the 
slot d shown in (4), when 
the plug is inserted, and 
unless lug ¢ is placed in 
line with d, the plug cannot be put in place; it is thus impos- 
sible to put in a plug upside down and get the train wires 
interconnected wrongly. The coupler sockets are provided 
with spring catches that hold the plugs in place against any 
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stresses that arise in ordinary use, but if an undue stress is 
brought on the jumper, as, for example, by a parting of the 
train, the catches allow the plugs to pull out. It is customary 
to provide two coupler sockets at each end of the car, one on 
each side of the center line, as in Figs. 2 and 12; by using 
two sockets, a car can always be conveniently connected to 
an abutting car, because, no matter what may be the end-on 
relation of the cars, two sockets will always be directly oppo- 
site each other. Also, when there are two sockets on each 
end, one is available in case the other becomes defective, so 
that the double-socket equipment increases the reliability of 
the outfit. In order to have one socket on each end of a car 
meet all conditions of service, that socket must be either in 
the center of the end of the platform, or the single socket on 
opposite ends must be on opposite sides of the car, as in the 
case of air-brake couplings. Fig. 16 shows the style of 
socket used on interurban cars. The socket is set into the 
dash and secured to it by flange /f. 


19. Cut-Out Switch.—The object of the cut-out switch, 
as used with the type M control, is to provide a means of 
disconnecting control wires of the devices on the car from 
the train-line control wires. It is shown at 28, Fig. 2, and 
is usually located under a car seat or in the special cab or 
compartment that is often provided for the control apparatus. 
The switch consists of a drum with nine contact strips cor- 
responding to the nine wires of the control cable. On each 
side of the drum is a row of nine contact fingers, one set 
being connected to the incoming control wires from the con- 
nection board and the corresponding fingers of the opposite 
set connected to the outgoing wires leading to the control 
coils. When the handle of the switch is at the on-position, 
the contact strips on the drum connect opposite fingers and 
thus make the path through the switch continuous. When 
the handle is thrown to the off-position, the contact strips 
leave one set of fingers and thus place a break in each of the 
control wires. This prevents the devices on the car from 
operating, though it does not interfere in any way with the 
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operation of the devices on the other cars of the train. Vie. 
therefore, the motors or other operating devices on a car 
become defective, they can at once be cut out of service by 
means of the cut-out switch. 


20. Control Cables.—The cables required for the 
equipment of a car with type M control are shown in Fig. 2. 
They are named and located as follows: On the front end of 
the car are located the No. 1 master controller and connec- 
tion box connected by a short cable called the (Vo. 1 master- 
controller cable; another short cable connecting the cut-out 
switch to the connection box is called the local control cable. 
The small cables run- 
ning from the con- 
nection boards to the 
coupler sockets are 
called the forwara- 
coupler cable or rear- 
coupler cable, as the 
eaceminays oe) bite 
No. 2 master con- 
troller and No. 2 con- 
nection board are 
on the rear end of 
the car, and the cable 
running between 
them, called the /Vo. 2 Fie. 17 
master-controller cable, is interchangeable with a similar 
cable on the front end. The frvazz cable runs between the 
connection boxes, as shown, and the local contactor cable car- 
ries the control wires to the several contactors. With the 
exception of the cable connecting the cut-out switch to the 
operating coils of the reverser and contactors, the control 
cables contain nine wires. The main-motor cable consists of 
three parts, the branch running to the starting rheostat, the 
branch running to the reverser, and the part connecting to 
the motors. The relative arrangement of the apparatus may 
differ considerably from that shown in Fig. 2, because most 
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of the appliances have to be placed under the car-and their 
exact position is therefore determined by the location of 
other appliances, such as air-brake apparatus, brake 
rigging, etc. 

21. Control-Circuit Rheostat.—The control-circuit 
rheostat, Fig. 17, is made up of twelve high-resistance coils 
completely enclosed in a sheet-iron protecting case. The 
ends of the coils are brought to the outside of the case and 
connected to terminals a. The operation of the master con- 
troller cuts sections of the control rheostat out or in, accord- 
ing as contactor operating coils are cut in or out, thereby 
maintaining the control current per car approximately con- 
stant and preventing any of the contactor coils from being 
subjected to abnormal pressure. 


22. -Motor-Circuit Rheostat.—In order to prevent a 
rush of current through the motors at starting and secure 
a smooth acceleration, a rheostat must be used in the main- 
motor circuit as with ordinary car equipments. The rheo- 
stat is of the cast grid type and is made up of a number 
of units, as shown in Fig. 2. The resistance is the same in 
its general construction as that used for ordinary cars, so 
that further description is unnecessary. 


WIRING DIAGRAM FOR TYPE M CONTROL 

23. General Description.—Fig. 18 is a general dia- 
gram of the wiring for two C6 master controllers operating 
two motors, the equipment corresponding to that shown in 
Fig. 2. The control-circuit wires, Fig. 18, are in red and the 
operating-circuit wires in black, in order that each may be 
more readily distinguished. The various operating devices 
are printed in black irrespective of whether they belong to 
the operating circuit or to the motor circuit. 

At the top of the master controller is shown the small 
reverse drum with the two control wires 0,8 connected to 
its contact fingers. Immediately below the reverse drum is 
the safety switch, with the auxiliary blow-out coil connected 
between the two fixed contacts of the switch. Below this is 
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the operating cylinder made up of four castings; the black 
strips show the development of the contact segments, and 
all the segments on the same casting are, of course, connected 
electrically. Below the operating cylinder is the blow-out coil 
for suppressing the arcs at the contact fingers, represented 
by the vertical row of dots at the right. “The main contacts on 
the reverser are shown by the heavy black bands engaged in 
pairs by the reverser main-circuit fingers marked 441, R7, 
Al, Fi, A2, C, AA2, F2. In the diagram, the operating 
coil to which wire 8 leads is responsible for the position in 
which the contacts are shown. Introduction of current to 
the operating coil connected to reverse wire 0 will cause the 
reverser contacts to shift bodily to the left. Fingers a, ,c, 
a’, 6',c! and narrow contacts d, ¢, f, g, h, 7 have to do with the 
control circuit. Small magnetic blow-out coils are shown 
at k,&. The object of these interlock contacts and fingers 
on the reverser is to insure that no motor current will flow 
through the reverser unless it is in an operating position; 
that is, unless the main reverser contacts are resting on their 
segments. The reverser must also occupy the position to 
give the car the required direction of motion. For example, 
if the train is required to move forwards, and the reverse 
switch of the master controller is set to the forward position, 
it may happen that, through previous use, the reversers on 
some of the cars do not occupy the position corresponding 
to the train movement, and these auxiliary contacts insure 
that the reverser will occupy the correct position before the 
main current is allowed to flow, otherwise certain contactors 
that are necessary to admit current to the motor circuit can- 
not operate and the car cannot take current. This will be 
seen when the operation of the devices is considered. 


24. Operation on First Notch of Master Controller. 
It is assumed that the master-controller reverse cylinder is 
moved to the forward position and that the power handle 
is moved to the first position, as indicated by the vertical 
dotted line 7 on the development of the operating cylinder. 
The car or train is assumed to be operated from the left-hand 
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controller. As soon as the operating handle is moved 
from the off-position, the safety switch closes, sence the 
dead-man’s knob is supposed to be pressed down. The path 
of the control current is then as follows: Control-circuit 
switch-fuse—main blow-out coil—-auxiliary blow-out coil-safety 
switch-finger 7-finger 7,-finger 8 by way of reverse cylin- 
der-8 on connection box No. i—-post 8 on cut-out switch— 
reverse operating coil 8—reverser control finger 6-contact 
segment “finger c-15—15-operating coil of contactor 1—14— 
14-operating coil of contactor 2-13-13-operating coil of 
contactor 3—12—12-operating coil of contactor 11—11—11-inter- 
lock contact 38—interlock contact 39-1-—1-fuse 1-—cut-out 
switch i1—connection-box terminal 1Z-—operating-cylinder 
finger 17-ground finger G. On the first point, therefore, 
contactors 1, 2, 3, and 11 are operated, and the reverser is 
at the forward position, shown in the figure. The path of 
the motor current corresponding to this combination will be: 
contactor 7 
contactor 2 
tactor 38-R1-R3—R4-R7-R7 (on reverser)—A1—A1—A A1-AAl1 
—F1—F1—F1-—F1 (on contactor 11)—C—C (on reverser)—A2—A2- 
AA2-AA2 (on reverser)—/2-F2-F2-ground. The arrow- 
heads in Fig. 18 show the paths of the control current and 
main-motor current when the master controller is on the 
first notch. See also Fig. 19. 

In tracing the above circuit, Fig. 18, it was assumed that 
the reverser already occupied the position shown in the 
figure and corresponding to that assumed when coil 8 is 
energized. Suppose, however, that the rocker had, on 
account of previous use or for any other reason, occupied 
the opposite position, so that the small interlock fingers on 
the reverser rested on segments d,e, and 7 instead of ¢, h, 
and f. The current entering at 8 would then take the 
path 8-through operating coil S8-finger 6-segment e—-blow- 
out coil s-segment d-contact finger a—81—S81-interlock on 
contactor 2-82—82-fuse-ground. There can be no current 
flow in the motor circuit unless contactors 7 and 2, called 
line contactors, are closed. Current is introduced to the 


Motor-circuit switch—-main fuse-< >-frame B-con- 
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reverser operating coil only when master-controller fingers 7 
and 7, make contact with the upper casting. If, on moving 
the operating handle to the first notch, the reverser happens 
to rest in a position corresponding to the existing position 
of the reversing handle, current takes the path already out- 
lined and closes the line contactors so that motor current 
can flow. Should the reverse rest in the wrong position, 
however, control finger ¢ is not in contact with anything and 
the line contactors cannot close. Reverser'current does, 
however, take the path leading through the interlock on 
contactor 2, thereby throwing the reverser to the correct 
position in which the line-contactor operating coils can 
get current. Simultaneously with the operation of the 
line contactors, the interlock switch on contactor 2 of course 
opens, thereby interrupting in a second place the circuit used 
for throwing the reverser to correct position and which 
the reverser itself interrupted at the instant of operation. 
Blow-out coils £, suppress all arcing that tends to follow 
the interruption of the control current. Contactors 1,2 are 
connected in parallel so as to reduce the current handled by 
each, because these contactors correspond to the trolley 
fingers of an ordinary controller, and the service imposed on 
them is more severe than on the others. Contactors 9,10 | 
are connected in a similar manner. 


25. Operation on Last Series Notch.—As the drum 
is turned to positions 2, 3, and 4, contactors 5, 6, and 7 are 
added to those already in operation, as can be seen by tracing 
out the control circuit. The result is to reduce the resist- 
ance in series with the motors. On the fifth position, which 
is the last series notch and one of the running notches, all of 
the resistance is cut out. The path of the operating current 
is as follows, starting from finger 7 on the master controller: 
T-T,-7,-finger 7-connection-box terminal 7—cut-out contact 
7-terminal on contactor 10—71—71—contactor 9—6—6-—contactor 
8—51-—51-contactor 7—41-—41-—contactor 6—31—31—contactor 
5-32-32-fuse-ground. The path of the reverser current 
remains as before, so that it is not necessary to trace it out. 
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The motor current takes the path: Motor-circuit switch— 
tactor 1 contactor 9 
fuse-< -frame B B- >-R7-R7- 
i S lontaetoe Q7 Se ca ntanter 10 
A1—AA1, etc.-ground. All the resistance is cut out and the 
two motors are in series. 


26. Operation on First Parallel Notch.—When the 
controller is on position 6, that is, the first parallel notch, the 
operating current may be traced from finger 7 as follows: 
7T-T,-reverse cylinder-S—8 on connection board-8 on cut- 
out switch—coil 8 on reverser—é-c-15—15-—contactor 1—14-— 
14-contactor 2—13—13-—contactor 4-23—23-—contactor 12—22— 
22-contactor 13—21—-21-interlock 37-36-2-fuse 2-2 on cut- 
out-—2 on connection-box-—finger 2 on controller—ground. 
This operates the reverser, or rather keeps the reverser in 
the position that it already had on the series notches, and 
operates contactors 7, 2, 4, 12, and 13. 

The path of the motor current is then as follows: Motor- 
circuit switch-fuse-< Contactor 1.-B-B-contactor 4-R2- 

contactor 2 
R77 (on reverser)—41—41—A A1-A A1—F1-F1-E1- 
™~R7 (contactor 12)—contactor 12—C-C-A2-—A2- 
contactor 73 ; 
AA2-A A2-F2-F 2-2 
The motors are therefore in parallel with two sections of the 
resistance in series with the circuit. 


>-ground. 


27. Operation on Last Parallel Notch.—On position 
7, contactors 5 and 6 operate and reduce the resistance in 
ithe circuit by placing a resistance section in parallel with one 
of the sections previously inserted. On the eighth position, 
contactor 7 is picked up and resistance sections R5—R6—R7 
are placed in parallel with those already in use. On the 
ninth position, contactor 8 is picked up and resistance sec- 
tion #5—-R6 is short-circuited. On the last parallel notch, 
contactors 9, 70 are picked up, thus establishing a direct 
connection between 22 and the wire R7 R7 running to the 
reverser and thereby cutting out all resistance. On the par- 
allel notches, the resistance in series with the motors is, in 
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some cases, decreased by connecting sections in parallel 
rather than by cutting out existing sections. The advantage 
of this method is that, as the resistance is reduced, its carry- 
ing capacity is increased and it is better able to handle the 
heavy current taken by the car on the parallel notches. 

As far as the final effect on the motors is concerned, the 
combinations effected by the movement of the master con- 
troller are practically the same as those effected by an ordinary 
series-parallel controller, though the master controller itself 
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is not connected with the motors. In Fig. 18, the connec- 
tions have been explained by referring to the operation of 
devices on one car only. Where a number of cars are 
coupled together, the whole train control line becomes ener- 
gized, and the devices on all cars operate synchronously with 
those on the operating car. 


28. Fig. 19 is a diagrammatic sketch of the control-cir- 
cuit and motor-circuit combinations existing on all points of 
the C6 master controller. Table I shows the contactors in 
operation on each point. 
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WIRING DIAGRAM OF TYPE M CONTROL WITH CURRENT- 
LIMITING DEVICE 


29. General Description.—Fig. 20 is a diagram of 
connections for type M control with C18 controllers. The 
chief differences between this diagram and that shown in 
Fig. 18 lie in the number and arrangement of the contactors 
and the addition of an automatic device that prevents the car 
from taking more than a predetermined current at starting. 
The contactors are of the type already described, those of 
approximately the same potential being grouped together on 
a common base, to economize space and simplify connec- 
tions. In order to insure the fastest possible acceleration 
without slipping of the wheels, the following arrangement is 
provided: The controller cylinder instead of being positively 
driven by the shaft to which the operating handle is attached, 
is connected thereto by means of a spring; a magnetically 
operated lock prevents the cylinder from following the move- 
ment of the operating handle so long as the current taken by 
the motors exceeds the allowable amount. ‘Thus, if the 
motorman were to throw the operating handle around 
rapidly to, say, the full series position before the motors had 
time to gain headway, the train would take an excessive 
current if no automatic throttle or current-limiting device 
were provided, and wheel slippage would occur. In this con- 
troller, the power drum does not at once follow the move- 
ments of the handle; a rapid movement of the handle simply 
places the spring between the handle and shaft under tension, 
and the latter cannot move until it is unlocked. When the 
current falls to an amount sufficient to unlock the shaft, the 
spring moves the cylinder forwards, with the result that it 
follows the movement of the handle step by step until 
it reaches the position occupied by the handle. If the motor- 
man moved the power handle so slowly that the starting 
current never exceeded the allowable amount, the drum 
would not be locked and it would follow the movements of 
the handle as in an ordinary controller. In practice, how- 
ever, where this type of controller is used, the motorman 
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throws the handle around to the running position and the 
controller notches up as fast as the locking device will permit. 


30. In Fig. 20, the locking device is controlled by the 
electromagnet x on the master controller and the current in 
this magnet is controlled by the relay shown at y. The relay 
consists of a coil connected in series with one of the motors 
so that it carries the main current. If the current exceeds 
the allowable amount, the relay operates and connects 
magnet x in shunt with one or the other of the reverser 
operating coils, according to which is in use, thus locking 
the controller. When the current drops below the limit, the 
current through y decreases until the relay contacts are 
opened and the magnet in the controller unlocks the cylinder 
and allows it to move under the influence of the spring con- 
nected to the main shaft. 

It will not be necessary to trace out the paths of the cur- 
rent on all the notches in Fig. 20, since this can be done 
from the explanation given in connection with Fig.18. The 
contactors are arranged differently and their sequence of 
operation differs from that in Fig. 18, but the principle 
of operation is the same. On the first position of the master 
controller, the control-current path is indicated by the red 
arrowheads and the main-current path by the black arrow- 
heads. The two bus-line connection boxes, the cable con- 
necting them, and the extra pairs of couplers on each end of 
the car, have to do with an extra train line provided for 
several purposes. One object is to enable any current- 
operated device to get its current either from the car on which 
it is located or from some other car in the train. To illus- 
trate: when either control-switch handle / is thrown to the 
dotted position, the dependent master controller can take 
current either from the trolley direct or from the bus-line 
connection-box trolley terminal 7, which is connected to the 
contact shoes of all cars. This is an important feature, 
because where a master controller can draw current only 
from the contact shoes of the car on which it is located, should 
those shoes happen to rest on ice or be off the rail entirely, 
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it would be necessary to go to another car in order to 
start the train. 


31. Another feature of this control is the automatic 
main-current circuit-breaker and the facilities for setting it 
before starting or resetting it after operation. The breaker 
is located to the right of the contactors in Fig. 20. Here a 
is the operating coil and 6 the blow-out coil; both carry the 
main current, the circuit-breaker being the first device through 
which the main current passes after leaving the motor switch. 
By means of setting coil c, the circuit-breaker can be set by 
moving handle #, of either circuit-breaker setting switch 
to the dotted position. The circuit-breaker can be closed 
by operation of the setting switch only when the accom- 
panying master controller is at off-position, because in 
all other positions fingers 5 and 16, which are part of the 
setting circuit, make no contact. When switch 4, is closed, 
the path of the current through setting coil c is as follows, 
starting from point 16 at setting switch: 76—setting switch 
finger 76 on controller—finger 5—cut-out switch—5 on control 
rheostat-2-1—51—51—interlock on contactor 10—interlock on 
contactor 8—interlock on contactor 7—52-setting coil c—55—55— 
fuse-ground. If contactors 7, 8, or 10 are closed, the circuit- 
breaker cannot be set, and it is therefore impossible to set, 
the breaker while the main-motor current is on. Setting 
coil ¢ moves the circuit-breaker parts over to where armature e 
on the togglejoint comes within the range of holding coil d, 
which is steadily energized from the bus-line connection box 
through resistance f. Coil d holds the breaker closed after 
the circuit-breaker setting switch has been moved to off- 
position or after the master controller has been moved to an 
operating position. As long as the circuit that energizes 
holding-magnet d@ is closed, the circuit-breaker will remain 
closed. Excessive current in the motor. circuit, however, 
will cause operating coil @ to attract its armature com- 
posing part of the holding-coil circuit, which is thereby 
opened and the breaker thrown into operation, 
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32. Table II shows the contactors in operation on the 
positions of the C18 controller. The plan of wiring shown 
in Fig. 18 is the one generally used for ordinary multiple-unit 
equipments; the arrangement in Fig. 20, which is somewhat 
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more complicated and which includes the auxiliary features 
just explained, is used in places where the traffic is heavy 
and where the requirements are unusually exacting, as, for 
example, in the New York subway. 


AUTOMATIC RELAY CONTROL 


DESCRIPTION OF APPARATUS 


88. Controller.—A later system, embodying the 
general features of the type M control and known as the 
automatic relay control, has been developed by the Gen- 
eral Electric Company. Fig. 21 shows the C35 controller 
used in this system of control. This controller contains a 
single movable contact cylinder and ten stationary fingers, 
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The controller has a single handle for both forward and 
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reverse directions of 
train movement. 
There are four for- 
ward points and two 
reverse points. The 
first point in either 
direction is the swztch- 
ing, or lap, position; 
the second point, 
full-sertes position; 
the third point for- 
ward, the parallel-lap 
position, and the 
fourth point forward, 
the full-parallel post- 
tion. 

If it is desired to 
have the control 
notch up to the maxi- 
mum _ forward-speed 
position, the oper- 
ating handle should 
be moved to the left 
as far as it will go, 
and held there against 
the pressure of the 
spring a, which tends 
toreturn the handle to 
the off-position. The 
contactors pick up in 
proper sequence, cut- 
ting out the resist- 
ance sections and 
changing the motors 
from series connec- 
tion to full-parallel 
connection, If the 
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controller handle is moved toward the right to the second 
reverse point, the motors will notch up to full-series position 


only, and the train speed will be about half that at the 
forward full-parallel position. 


o4. Current-Limit Relay. 


The current-limit 
relay, which is mounted on the panel board, is provided 
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for the purpose of producing automatic operation of the con- 
trol system. Fig. 22 shows the main features of this device. 
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Current from the control circuit passes through the coil a, 
and current from one motor circuit passes through coil 6. 
Coil a lifts the plunger and its disk at each step during 
acceleration, and thus interrupts the contactor pick-up circuit 
at the contacts candd. Blow-out coils e extinguish any arcs 
that may form between the contacts and the disk. If the 
current flowing through the main-circuit coil 6 is more than 
a predetermined amount, the plunger and its disk are held 
in their upper position, and cannot drop to their lower posi- 
tions until the motor current has fallen to the desired value. 
The action of the contactors in cutting out resistance is thus 
delayed until normal current conditions again obtain. 


385. Potential Relay.—Fig. 23 shows a _ potential 
relay. This device is used to open the control circuit of 
the contactors on a car in case 
the motor circuit on that car is 
interrupted; the contactors will 
thus drop out. When current is 
restored to the car, the relay will 
again pick up and complete the 
control circuit. The contactors 
will then pick up in regular suc- 
cession, as they would if the 
motorman had shut off the power 
and immediately turned the mas- 
ter-controller handle on again. 
Coil @ is connected between a 
point on the motor circuit, ahead 
of the motor, and the ground. 
When the motor circuit is active, 
disk 6 is drawn into contact 
with ¢ and ad, which are termi- 
nals of blow-out coils e,e con- 
nected in the control circuit. If 
current through coil a ceases, disk 6 drops and opens the 
control circuit of the contactors. This relay is mounted in 
the contactor box. 


Fie. 28 
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06. Circuit-Breaker.—In Fig. 24 is shown a cireuit- 
breaker used to interrupt the motor circuit in case of 
excessive current. The circuit-breaker is quite similar in 
construction to a contactor switch. The blow-out coil a is in 
the motor circuit, and disrupts any arc that may form when 
the breaker is opened. The resetting coil 4 is in the control 
circuit. The tripping device is provided with a coil c; this 
coil is in the control circuit and will open the breaker in case 
current from the control circuit is allowed to flow through it. 
Another tripping coil placed to the right of c’ (not shown in 
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the figure) is also provided. This latter coil is in series with 
the motor circuit, and will open the breaker if the motor 
current becomes excessive- 

A three-point switch for tripping or setting the breaker is 
installed near the motorman. ‘The resetting coil 6 is so con- 
nected with two of the contactor interlocks—one or both of 
which are open during motor action due to one or both of the 
contactors being closed—that the breaker cannot be set while 
there is current in the motor circuit. The three resistance 
coils d are in circuit with the control-tripping coil. 


37. Cut-Out Switch.— Fig. 25 shows a cut-out 
switeh. When the switch drum is turned to the on-position, 
each finger on one side is connected to the finger directly 
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opposite it. When at off-position, there is no connection 
between the fingers. Fuses are installed in the clips at the 
right of the drum. In case of disorder in the apparatus or 
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wiring of a car, the control circuits of the contactors and 
reverser on that car may be disconnected from the train 
cable by the action of the cut-out switch. 


88. Train Cable.—The train cable is composed of 
seven conductors, each being covered with different colored 
braiding for identification. These conductors are attached 
to numbered plugs in the coupler sockets at the ends of the 
car, and branch wires extend to the master controllers. 

These seven wires are used as follows: No.1, for acceler- 
ating, or notching up; No. 2, for series connection of motors; 
No. 3, for parallel connection of motors; No. 4, for operating 
the reserver in one direction; No. 5, for operating the 
reserver in another direction; No. 6, for tripping the circuit- 
breaker; No. 7, for setting the circuit-breaker. 
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309. Arrangement of Apparatus on a Car.—In 
Fig. 26 is shown the general arrangement of apparatus on a 
car of the New York Central & Hudson River Railroad 
Company. 


WIRING DIAGRAM OF THE AUTOMATIC RELAY CONTROL 


40. General Description.—In Fig. 27 is shown a car- 
wiring diagram of the automatic relay control with C35 con- 
trollers. Before starting a train, the motorman should close 
the motor switches for the air compressors, and then makea 
test to assure himself that the braking apparatus is in proper 
condition. The main switches on all cars should be closed 
and all master-controller switches, with the exception of the 
one near the controller that is to be operated, should be left 
open. 

If it is desired to have the control automatically notch up 
to the maximum-speed position, the operating handle should 
be moved at once to the forward full-parallel position. 

Current flows through the master-controller switch—blow- 
out coil-the four forward lower drum segments—wire 4-left- 
hand operating coil in the reverser—through blow-out coil 
k-51—51 in the contactor connection box—wire 41 in the con- 
tactor box—51-interlock on contactor 12 (contactor 12 open) to 
ground, if the reverser is at reverse position; if at the for- 
ward position, through reverser control segments—4A-44 in 
the contactor connection box—wire 44-in the contactor box 
—4A-operating coil of contactor 11-44-operating coil of con- 
tactor 12-4C-—4C—operating coil of contactor 1-4-4 D-opera- 
ting coil of contactor 10-ground wire. Operating coil 4 of 
the reverser pulls the reverser to forward position, if it was 
formerly in the reverse position, or maintains it at forward 
position in case it was originally in that position. The cur- 
rent through the rest of the path just traced closes contactors 
Nils HD” il exatel 70), 

Current passes also from the master controller through 
train wire 2 (called the vefaining wirve)—interlock of contactor 
12 (which is now closed as the contactor is closed)—24—-2A- 
interlock of contactor 5-junction c-28-operating coil of 
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contactor 3-2C-2C-interlock of contactor 9-24 -junction a— 
2 E-resistance—2 /~junction J—potential relay (which is now 
closed)—2 Fi-interlock of contactor 7—2/2-interlock of con- 
tactor 6—-2G—2G-resistance-2H—2AH-interlock of contactor 
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15-2/-2/-resistance-2A—2K-interlock of contactor 14-27,- 
2L-resistance-2//-2/-interlock of contactor 8-ground wire. 

Contactor 3 is closed, and as contactors 11, 12, 1, and 10 
were previously closed, the motors are now connected in 
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‘series with all the resistance in circuit, as indicated in 
Fig. 28, at the first step, or switching position. The closed 
Switches are indicated by small, full-black circles. If it is 
desired to operate the train at low speed, as for switching, 
the handle should be left on the first point. 


41. Inthe case under consideration, full speed is desired; 
therefore, controller finger 1, Fig. 27, is active, as the handle 
“has been moved to the full-parallel position. The No. 7 
wire, or the zotching wire, as it is called; is energized, and 
the circuit is established through the current-limit relay and 
the resistance contactors, so that progressive steps are 
started. In picking up, each of these resistance contactors 
prepares the control circuit, by means of interlocking 
switches located on the bottom of the contactors, for the 
next step. The interlocks are called first, second, third, 
and fourth, beginning with the interlock shown nearest 
the operating coil of the contactor. The contactors, in turn, 
are cut out of the notching circuit and connected in the 
retaining circuit. 

The current-limit relay lifts at each step, thereby prevent- 
ing the contactor for the succeeding step from lifting at once. 
If the motor-circuit current is excessive, the relay is held 
open until the current becomes normal and the progression 
of steps is temporarily arrested. When the relay finally 
drops, due to the motor current becoming normal and to the 
open circuit in the control circuit, the control circuit is again 
completed and another contactor is operated. This action, 
which is entirely automatic, is repeated until the last, or 
full-parallel, position of the contactor is reached. 


42. The path of the current in the notching circuit is 
from controller finger 7—-current-limit relay-12—-1/-interlock 
of contactor 3 (contactor 3 closed)—1C—1(C~interlock of con- 
tactor 13 (contactor 73 open)—2/V-operating coil of con- 
tactor 18-2/-junction 6-ground through potential relay by 
the path traced for the wire 2. This action closes con- 
tactor 13 and cuts out three sections of resistance. See 


Fig. 28. 
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48. Current from the retaining circuit, Fig. 27, can now 
flow through 2Z near the interlock of contactor 9—-junction d— 
24-interlock of contactor 13 (contactor 13 now closed)-—2- 
operating coil of contactor 13-2/~junction 6—ground, as before. 
Contactor 13 is thus maintained closed. The notching cir- 
cuit through the operating coil of contactor 173 was broken 
when the contactor closed, thus opening its third interlock. 
As soon as the current-limit relay again closes the notching 
circuit, current flows from 7(—fourth interlock of contactor 13 
(contactor 13 now closed)-1D-1D-resistance—1/-interlock of 
contactor 7-1/£-interlock of contactor 6—2/-operating coil 
of contactor 6-2H—2H-interlock of contactor 15—2/—2/-resist- 
ance-2A—2A-interlock of contactor 14-2/—2/-resistance— 
2M-2M-interlock of contactor S-ground. Contactor 6 closes 
and cuts out one section of resistance. See Fig. 28. 


44, The retaining circuit, Fig. 27, is closed through the 
operating coil of contactor 13 (contactor closed)—2/~junc- 
tion 46-potential relay—2/1-interlock of contactor 7—2/2- 


interlock of contactor 6 (contactor 6 closed)—2/-operating - 


coil of contactor 6—2H—ground, as before. 

From point 7#£ current from the notching circuit flows 
from 1#Z-interlock of contactor 6 (contactor 6 now closed)— 
1/~1/-1G-1G-interlock of contactor 15—2R-operating coil 
of contactor 15-2S-operating coil of contactor 4-2A—2A — 
interlock of contactor 14-2/-2/-resistance—2//—2//-interlock 
of contactor S—ground. 

Contactors 75 and 4 are closed. Contactor 4 cuts out one 
more section of resistance. The resistance controlled by 
contactor 15 is already short-circuited by contactor 13, but 
in parallel operation, contactors 13, 14, and 75 are inde- 
pendently active. 

The retaining circuit is made through 2/-interlock of 
contactor 15 (contactor 15 closed)—2R-operating coil of con- 
tactor 15-2S—operating coil of contactor 4-2A~2A-interlock 
of contactor 14-ground, as before. 


45. Current from the notching circuit can now flow from 
1G-interlock of contactor 15 (contactor 15 now closed)- 
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1H-1H-resistance-1/-1/-interlock of contactor 14-2U- 
operating coil of contactor 14-2l/—2l~operating coil of 
contactor 7—2//—2//-interlock of contactor 8—ground. 

Contactors 74 and 7 are closed. Contactor 7 cuts out a 
section of the resistancé. The resistance controlled by con- 
tactor 74 is already cut out. 

The retaining circuit is made through 2/7-second inter- 
lock of contactor 7 (contactor 7 closed)-operating coil of 
contactor 4—2A-interlock of contactor 14 (contactor 14 
closed)—2 operating coil of contactor 14-2 V—2 V—operating 
coil of contactor 7—24/-ground, as before. 

The operating coils of contactors 6 and 15 are dropped out 
of the retaining circuit by the open circuit at the upper inter- 
lock of contactor 7. Contactors 6 and 15 then open. The 
resistances they control are now short-circuited by contactors 
7 and 74. 


46. Current from the notching circuit now flows from 
fourth interlock of contactor 7 (contactor 7 closed)-—1A— 
resistance-1/-1/-interlock of contactor 14 (contactor 14 
closed)—1A—1A-resistance-1Z-1/-interlock of contactor 8 
(contactor 8 open)—2W-operating coil of contactor 8- 
ground. 

Contactor 8 closes and cuts out the last section of the 
upper resistance. The retaining circuit is made through 2//— 
interlock of contactor 8 (contactor 8 closed)-2 W-operating F 
coil of contactor S—ground. 


47. The fourth interlock of contactor 8 is now closed 
(contactor 8 being closed), and the notching circuit is com- 
pleted through 7/ near the interlock of contactor 13 (con- 
tactor 13 closed)—fourth interlock of contactor 8 (contactor 8 
closed)-1//-1/- interlock of contactor 9-1/-1/-interlock 
of contactor 2-1/-1/-resistances—1Q-operating coil of con- 
tactor 9-ground. 

Contactor 9 closes, and current from the retaining circuit 
now flows from junction c—2/-interlock of contactor 9-1/V— 
1N-interlock of contactor 2-1/-1/-resistances—1Q-operating 
coil of contactor 9-ground. 
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48. The third interlock of contactor 9 is now open, due 
to the closing of contactor 9. A portion of the retaining 
circuit is opened by this interlock between 2C and 24. Cur- 
rent cannot now flow from junction c through the operating 
coils of contactors 3, 13, 4, 14, 7, and 8; therefore, these 
contactors drop open. 

The motors are now in series without resistance sections 
in circuit, as indicated by full-series position in Fig. 28. The 
negative side of motor No. 7, Fig. 27, is connected by con- 
tactor 9 to the positive side of motor No. 2. 


49. The fourth interlock of contactor 9 closes the No. 3 
wire circuit. Current flows from controller-drum finger 
3-wire 3—3-interlock of contactor 3 (contactor 3 open)—3A— 
operating coil of contactor 5-32-3f-operating coil of con- 
tactor 2-3C-3C-interlock of contactor 9 (contactor 9 closed)— 
3D-interlock of contactor 13 (contactor 13 open)-—24—2F- 
resistance-2/—junction 6—potential relay—2/1-interlock of 
contactor 7 (contactor 7 open)—2 /2-interlock of contactor 6 
(contactor 6 open)—2G—2G-resistance-2H-—2A/-interlock of 
contactor 15 (contactor 15 open)—2/—2/-resistance-2A—2A— 
interlock of contactor 14 (contactor 14 open)—2Z—2Z-resist- 
ance-2//-2//-interlock of contactor 8 (contactor 8 open)-— 
ground. 

Contactors 5 and 2 close. Contactor 5 furnishes a ground 
connection for the No. 7 motor. Contactor 2 furnishes a 
trolley connection for the No. 2 motor through contactors 7 | 
and 10, which remain closed. The retaining circuit of the 
operating coil of contactor 9 is opened between 14 and 1P 
at the third interlock of contactor 2 when contactor 2 closes, 
and between 24 (near contactor 5) and junction ¢ at the 
second interlock of contactor 5 when contactor 5 closes. 
Contactor 9 thus opens and cuts out the connection between 
the two motor terminals, and in this manner separates the 
motors. 

The retaining circuit is now completed through wire 2—2- 
interlock of contactor 12 (contactor 12 closed)—2.4—24—-fourth 
interlock of contactor 5 (contactor 5 closed)—3-interlock of 
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contactor 3 (contactor 3 open)-—34-operating coil of con- 
tactor 5-36-3B-operating coil of contactor 2-3C-fourth 
interlock of contactor 2 (contactor 2 closed)-—2 £-junction 
a—2/:-resistance—2/~junction 6-potential relay-2F1, etc. 
—ground. 


50. The notching circuit is now completed through 
wire 14-interlock of contactor 5-1D-1/D-resistence-1£-third 
interlock of contactor 7—-operating coil of contactor 6, etc. 
—ground. Contactor 6 closes, thus cutting out a section of 
resistance. 

The retaining circuit is made through wire 2—2-interlock 
of contactor 12-fourth interlock of contactor 5-interlock of 
contactor 3—operating coil of contactor 5—operating coil of 
contactor 2-interlock of contactor 2-2/4 —junction a—-2- 
resistance—2/—junction 4é—potential relay—2/7%-interlock of 
contactor 7—2/2-2P-operating coil of contactor 6-2H—2H-— 
interlock of contactor 15—2/—2/-resistance—2A-interlock of 
contactor 14-2/-2/-resistance—2//-interlock of contactor 
8-ground. 

The connections at this point are shown in Fig. 28—paral- 
lel-lap position. The motors are in parallel with three 
resistance sections in series with each motor. 


51. The current from the notching circuit now flows 
through 7/##-fourth interlock of contactor 6—1/—resistance 
—1G-operating coil of contactor 15-operating coil of con- 
tactor 4-interlock of contactor 14-22, etc.-ground. Each 
contactor 75 and 4 in closing cuts out a resistance section. 

The retaining circuit is made through 2//-operating coil 
of contactor 15—-operating coil of contactor 4, etc.-ground. 


52. The current from the notching circuit now flows 
through 1G-interlock of contactor 15—1//-resistance—1/— 
operating coil of contactor 74-operating coil of contactor 7, 
etc.-ground. Contactors 14 and 7 close, and each cuts out 
a section of resistance. 

The retaining circuit is now completed through 2/7- 
second interlock of contactor 7—operating coil of contactor 4 
-operating coil of contactor 14-operating coil contactor 7, 
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etce.-ground. Contactors 6 and 15 are opened by the action 
of the first interlock of contactor 7, which opens the retaining 
circuit through the operating coils of contactors 6 and 15 
when contactor 7 is closed. 


58. The current from the notching circuit now flows 
from the fourth interlock of contactor 7—14-resistance—1/— 
1J-1K-1K-resistance-1Z-interlock of contactor S-—opera- 
ting coil of contactor 8-ground. Contactor 8 closes and cuts 
out the last section of resistance in No. 7 motor circuit. 

The retaining circuit is made through 2 ‘interlock of 
contactor 8-operating coil of contactor 8—ground. 


54. Thecurrent from the notching circuit now flows from 
wire 74-interlock of contactor 5—1)-fourth interlock of con- 
tactor 8—1//-1/-interlock of contactor 2—1(—1(C—operating 
coil of contactor 13—é—potential relay-ground. Contactor 13 
in’closing cuts out the last resistance section in the No. 2 
motor circuit. 

The retaining circuit is completed through the fourth inter- 
lock of contactor 2-2#-—junction d-2#-operating coil of 
contactor 13—junction é—-potential relay—operating coils of 
contactors 4, 74, 7, and 8-ground. The motors are now in 
full-parallel connection, as indicated in Fig. 28. 


55. When the controller handle is thrown to the No. 2 
point in the reverse direction, Fig. 27, finger 5 is energized 
and the reverser is thrown to the reverse position, thus 
interchanging the field terminals. On the reverse position, 
wire 5 is connected to wire 44 in the reverser. The con- 
tactors and their interlocks notch up to full-series position. 
As the motors do not enter into parallel connection for the 
.reverse positions of the controller handle, the speed will be 
only about half forward maximum speed. The first point is 
the reverse switching position, and the second point the 
reverse full-series position. 


56. Operating Instructions.—TIf it is desired to oper- 
ate the train at low speed, as in switching, the master-con- 
troller handle should be moved to the left, for forward 
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direction, or to the right for reverse direction, to the first 
point only. On this point, the full resistance will be in cir- 
cuit, with the two motors in series, and the control will not 
notch up. If it is necessary to increase the speed slightly, 
the controller handle should be moved to the second point, 
so as to start the automatic progression of the contactors 
through the resistance steps, and then quickly returned to 
the first, or lap, position. The notching up will be arrested, 
but the contactors that have picked up and cut out more 
resistance will remain closed. This manipulation of the 
controller handle may be repeated, and a slow acceleration 
obtained when it is necessary. If the handle is left on the 
second point for a sufficient length of time, all of the resist- 
ance will be automatically cut out of the motor in succes- 
sive steps under the control of the current-limit relay, until 
full-series position of the motors is reached, resulting in half 
speed. 


57. When it is necessary to reverse the direction of 
train movement, the master-controller handle should be 
turned to the right. The first point in this direction is a 
switching point, similar to first point forward, and when the 
handle is on this point, the train will move slowly without 
materially increasing its speed. If a higher speed is desired, 
the handle should be moved to the second point, and the 
automatic notching for cutting out the resistance and obtain- 
ing half speed in the reverse direction should be started. 
The second point leaves the motors in series relation. 


58. Returning the master-controller handle to the off- 
position cuts off the supply of current to the train cable 
and contactors, and the latter therefore drop out and open 
the main circuit through the motors. Should the motorman 
remove his hand from the controller handle while it is at an 
on-position, a spring will return the handle to the off-position 
and thereby automatically cut off power from the train. 


59. The controlling cut-out switch disconnects the opera- 
ting parts of contactors and reverser on the car from the 
train cable, but does not affect the operation of the rest of 


50 MULTIPLE-UNIT SYSTEMS § 42 


the train, although the car may be the one from which the 
train is being operated. 


60. The arrangement of apparatus is such that the train 
may be operated in either direction from any master con- 
troller in the train. In order to operate in a reverse direc- 
tion at full speed, however, it is necessary to operate from 
a master controller at the end of a car toward the direction 
in which the train is to be moved. 


61. Should the train break apart, the control couplers 
will pull out, cutting off current from the train cable on the 
section of train behind the break. This drops out all 
the contactors on the rear section, while the front section 
continues under the control of the motorman. 


62. The control connections for the reverser are so 
arranged that, unless it is at the proper position, current 
is cut off from the contactors, and, consequently, the motors 
on that car receive no current. When the reverser is in 
the correct position, it is electrically locked and cannot be 
operated while the motors are taking current. 


63. All the wires of the master-control circuit are pro- 
tected by means of small fuses from damage due to excess 
current. In case of electrical trouble within the master- 
controller train cable, couplers, or connection boxes, the 
single fuse in the master-controller switch will protect them. 
In case of trouble in the control circuit at contactors or 
reverser, the fuses on the panel board situated in or near 
the motorman’s apartment will protect the circuit. 


MULTIPLE-UNIT. SYSTEMS 


(PART:2) 


WESTINGHOUSE UNIT-SWITCH — 
CONTROL 


GENERAL DESCRIPTION 


1. The Westinghouse unit-switch system of train 
control differs considerably from the type M system already 
described, but the difference is more in the details of appli- 
ances than in the results obtained by their operation. 
Excepting the master controller, all circuit-making and 
circuit-breaking devices of the unit-switch equipment are 
operated by compressed air controlled by electrically operated 
valves, of which the time and order of operations depend on 
circuit combinations established by the master controller. 
The main controller consists of thirteen individual wm7z¢ 
switches grouped radially. The train line consists of seven 
wires terminating in sockets, and the circuits of these wires 
are continued from car to car by flexible jumpers. 

The train line and all operating devices dependent on it 
are energized through the master controller by a storage- 
battery current supplied at a pressure of about 15 volts. 
The battery consists of fourteen cells arranged in two sets, 
having seven cells, in series, in each set. When one set is 
in service, the other is being charged through the car-lamp 
circuit, double-throw switches being provided to make the 
Copyrighted by International Textbook Company, Entered at Stationers’ Hall, London 

2 42 


T ‘S14 
S8IUOLS/SAL/ PUNO AYJOAf SAOLOW YU 
We ONG v Oh fe @ 
CATA SAUNA AUN NRUALTATA RUAN VRUPQITAINY MURATA” WR RT MOR 
ai PANS AMY ADAM : "ple! oN i), VAAN SHUN, TO. “TAA NY TOOT I TO 
=> 2 SSG BSN 5553) L333 SLES SES) ee ee paeTNe EAS 
° ° o o ° Ley ° o ° 2 a Ops 
LOYOOS FY TOD 
SLOYIOS HY PHOD ‘=, 
<S DOLE YI4IMG 
a |i 3 : 
(oye a(S] oO 7 
q Nes 
[e N ff 2 
fo) c 
‘ GYIUIMG ASABNOL 
wg wo1ounpy OG UOfoulyf? 
xOG woYy2nuip ee ee 
SOLA L LOG 
SOYILIMS 
Seo heh hh — Kh — Hh — AABLLOG 
(eistetataias EES 
S| Ve iho 
aS 43//044U02 


48//O41LU02 


§ 42 MULTIPLE-UNIT SYSTEMS 53 


necessary changes for charging and discharging. The use 
of an independent source of operating current renders opera- 
tion of the control circuit practicable under conditions of 
service, such as a film of ice on the trolley wire or contact 
rail or in case the power goes off the line; it is also probable 
that the control circuits are not nearly so likely to become 
disordered by lightning discharges. The low voltage used 
in the control circuits considerably simplifies the problem of 
insulating the control wires and securing durable coupling 
devices. 


2. A unit-switch control equipment comprises the follow- 
ing devices: Unit-switch group, master controllers, motor 
cut-out switches, resistances, storage battery, reverse switch, 
train line, limit and line relay switches, air connections, and 
line switches, if required. In considering any device, an 
understanding of it will, in each case, be made easier by 
locating the device in Fig. 17, in which the connections are 
indicated. Fig. 1 shows an assembly of the unit-switch 
equipment. 


CONTROL DEVICES 


UNIT, OR AIR, SWITCHES 

8. Fig. 2 shows the location under a car of the unit- 
switch group constituting the main controller. Fig. 3 
shows the device with the housing removed, and Fig. 4is a 
section through the center of the group shown in Fig. 3; 
from this drawing the construction of a unit switch and the 
mechanism for operating it can be understood. The con- 
troller consists of thirteen switches a,a, Figs. 3 and 4, 
arranged radially around a blow-out coil 46 that is common 
to all. (One of the unit switches is shown more in detail at 
the left of Fig. 4.) The fixed contact of the switch is shown 
at a’; the movable one at 6’ is on the end of arm c, which has 
a slight movement around pin d. Arm c, as a whole, is 
pivoted at e and is moved through rod f by piston g opera- 
ting in cylinder 2. Any arcing between contacts a’ and 0’ 
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takes place in chamber 7. The radial arms 7 and & form 
poles 'projecting from the top and bottom of the blow-out 
coil. A strong magnetic field is therefore set up across the 
region in which the switch contacts are located and the arc 
is blown out radially. The object of giving the contact 
arm ¢ limited movement around pin d as a center in con- 
junction with the small compression spring / is to give con- 
tacts a’, 6’ a certain amount of wiping action that prevents 
sticking. The compressed air for operating the switches 
passes through pipe 7z into a central chamber, or reservoir, 2 
of ample storage capacity, to insure that ample pressure for 
operating the switches is always available. Admission of 
reservoir air to the operating cylinders of the switches is 
governed by electrically operated valves that are, in turn, 
dependent on the master controller for action. Each switch 
has a cylinder and operating coil above it, the coil being 
enclosed in a small iron case. The relative positions of the 
coil case, switch, and cylinder are shown in Fig. 4. Admis- 
sion of air into cylinder 4, Fig. 4, forces the piston down 
and closes the switch against the action of spring o, the 
object of which is to open the switch promptly on exhausting 
the air from the cylinder. Over certain of the operating 
cylinders, small switches /, called zzterlocks, are arranged to 
be operated by the movements of the piston within the cylin- 
der; these interlocks are used in connection with certain 
automatic features that will be better understood after con- 
sidering Figs. 16 and 17, which are diagrams of connections. 
In Fis, 3, wites:g carry the-control current to the electro- 
magnetic valves; the main current wires connect to termi- 
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MASTER CONTROLLER 


4, The standard master controller used for operating 
either single cars or trains equipped with the Westinghouse 
unit-switch system is illustrated in Figs. 5 and 6, which show 
the device with the cover on and off, respectively. In Fig. 5, 
the operating handle a is at the off-position, corresponding 
to the off-position of cylinder a’, Fig. 6. The cylinder a’ 
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consists of a single metal spider mounted on a horizontal 


shaft 6, the turning of 
which causes the cylin- 
der to engage fingers 
c,c. The operating 
handle can be placed 
in position only when 
the controller cylinder 
is at the off-position, 
and to rotate the han- 
dle, pin d must be de- 
pressed, thus raising 
a small lever that inter- 
feres with lugs cast on 
the cover. A move- 
ment of the operating 
handle to the right cor- 
responds to a forward 
motion of the car or 


Fie. 5 


train, and a movement to the left reverses the motion. If 


Fic. 6 


the operating handle is 
moved to the position 
marked by lug g, Fig. 5, 
circuit combinations will 
automatically change 
until the motors are in 
full series across the 
line. As long as the 
operating handle is kept 
in this position, the 
combinations will not 
change, but an advance 
to the position marked 
by lug 4 will automatic- 
ally change the combina- 
tion until the motors are 
in parallel across the 
line. If the handle is 
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released at any stage of its operation, spring 7, Fig. 6, will 
return it to off-position, in which all circuits are automatically 
interrupted. 

The first stage of the movement of the handle from its 
off-position throws all revers- 
ing devices to a position cor- 
responding to the direction 
in which it is desired to move 
the car or train, provided the 
reverser does not already 
occupy a position correspond- 
ing to the desired movement. 
This movement also allows a 
flow of current through the 
motor circuit. This current, 
however, is too small to start 
the car, the maximum start- 
ing-coil resistance being in 
circuit. On the forward side 
of the master controller, the 
position on which these pre- 
liminary circuits are estab- 
lished is not indicated; on the 
reverse side, however, an 
additional luiowes hie o-s 
provided. In emergency 
cases of reversal, it is well to 
pause on position e, for while 
the current flow on that posi- 
tion is insufficient to start a 
car, it is able to apply con- 
siderable braking action in 
reversal as the line electromo- 
tive force and the counter 
chet ate force add together, and a pause there lessens 
the likelihood of tripping the line circuit-breaker. If the 
reversing devices are not in the proper position, the motor 
circuit can take no current. 
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The control-circuit wires are introduced into the master 
controller through pipe 7, which may also serve as a leg for 
steadying the device. As 162 volts is the maximum pres- 
sure to which the control circuit 
is subjected, no difficult insula- 
tion problems are encountered, 
and the use of a magnetic blow- 
out coil for extinguishing arcs 
in the controller is unnecessary. 
Fig. 7 shows the location of the 
master controller in the special 
compartment, on an elevated- 
railway car, provided for the 
master controller and the air- 
brake operating devices. 


REVERSE SWITCH 


5. A general view of the 
reverse switch, or reverser, 
used with the unit-switch sys- 
tem of control is shown in 
Fig. 8. The function of the 
reverser is to interchange the 
main motor armature connec- 
tions so as to reverse the direc- 
tion of rotation of the armatures. 
In Fig. 8, a is the base and 6 
the feet for securing the device 
to the under side of the car, 
c,c being the lugs to which 
the cover is attached.. The 
construction and operation 
of the reverser are as fol- 
lows: An insulating block d carries two sets of metal 
strips ¢, of which one set or the other, according to the posi- 
tion of block d, engages stationary fingers f. By means of 
compressed air admitted to cylinder g or g’, a reciprocating 
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motion can be given to block d. Electromagnets Zz, z’ opera- 
ting valves 7, 7’ immediately beneath them determine which 
of the cylinders g, ¢/ shall receive compressed air and thereby 
determine the position of block d. If the master controller 
is at the forward position, electromagnet z will be energized 
and will operate the valve that admits air to the cylinder, 
thus forcing block d and its contacts to a position where the 
train movement will be forwards. Movement of the master 
controller to the reverse side of its off-position will energize 
electromagnet z’, thereby operating the reverser so as to give 
the car or train backward motion. The reverser has no off- 
position, and as it is never required to interrupt a circuit 
that is Carrying current, it has no blow-out coil for extin- 
guishing arcs at the contact fingers. Protected by cover & 
is a small interlocking switch, the movable contact of which 
is attached to the reciprocating switch block; the contacts of 
this switch are indicated in Fig. 17. The function of the 
interlock is to insure that the switch group cannot operate 
unless the reverser has been fully thrown in the direc- 
tion indicated by the master controller. The first circuit 
established when operating the master controller is one 
that insures that motor current cannot flow unless the 
reverser is in the correct position; this precludes the pos- 
sibility of having different cars in the same train with their 
reversers in opposite directions. 


MOTOR CUT-OUT SWITCH 


6. Figs. 9 and 10 illustrate the cut-out switch used when 
one or both motors have to be cut out of service. Stem 6 
passes through the car floor and terminates in a hand wheel, 
by means of which the switch can be turned to any of four 
indicated positions, which are as follows: (1) Both motors 
in circuit; (2) No. 1 motor in, No. 2 motor cut out; (3) No.2 
motor in, No. 1 motor cut out; (4) both motors cut out. In 
both figures, the motor wires enter the switch casing atc, 
and two control-circuit wires at d. In Fig. 10,e is one of ten 
contact segments mounted on a cylinder operated by stem 3b. 
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The motor-current fingers are shown at g mounted on insu- 


lated studs / secured 
to the casing. Small 
fingers z,z constitute 
an interlock whereby 
the unit switches are 
unable to create any 
parallel motor com- 
bination except when 
both motors are cutin. 


TRAIN-LINE 

COUPLER 
7. The control- 
circuit train cables 
of abutting cars are 
coupled by means of 
devices similar to 
those described in 


Fic. 9 


connection with the type M system of control, but as the 
unit-switch system employs only seven wires at a maximum 


Fic. 10 


difference of poten- 
tial of 16 volts, the 
coupling devices are 
smaller than those re- 
quired to handle the 
line voltage. Fig. 11 
shows one of the 
flexible connections 
used between cars. 
The coupling heads, 
or plugs, a@ consist 
of a malleable-iron 
shell surrounding a 
cylindrical piece of 
insulating material, 


in which are set seven small brass receptacles. Permanently 
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mounted on the ends of all cars to be made up into trains are 
two sockets, each containing seven split pins mounted on an 

x insulating base. Each 
he split pin in a socket 
a enters a correspond- 
ing receptacle in the 
plug,thereby connect- 
ing a certain control 
wire on one car to the 
same control wire on 
the abutting car and 
preserving the indi- 
viduality of each wire 
throughout the length 
of the train. 


LIMIT SWITCH 

8. Fig. 12 illus- 
trates = thew) tmmat 
switch, the object of 
which is to regulate the rate of acceleration by stopping the 


Fre. 11 


Fie. 12 
progressive action of the unit switches whenever the motor 
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current exceeds a predetermined value. In Fig. 12, a is the 
operating coil of which 6 and ¢ are motor-circuit terminals; 
d@ is an iron plunger carrying at its lower end a metal disk e, 
‘which normally rests on contact points f, // that connect to 
control-circuit terminals g,¢’, respectively. The operating 
coil of the limit switch is connected in series with the nega- 
tive side of the No. 1 motor field, and the switch device 
composed of disk ¢, contacts f, f’, and terminals g, 2’ is con- 
nected in series with the Z branch of the No. 4 wire (see 
wiring diagram, Fig. 17), which is the positive battery con- 
nection for the pick-up coils of all unit-switch magnets 
except 5, 6, 7, and 8. The limit switch can be adjusted to 
open at any predetermined motor current, and the opening 
of the switch opens the circuit leading to the pick-up coils of 
all unit switches except those stated. These switches will 
not be closed until a decrease in the motor current allows 
disk e to drop and close the limit-switch contacts. To illus- 
trate, suppose the No. 9 switch, Fig. 17, to close, and the 
‘’ motor current on that notch to be 250 amperes, the value at 
which the limit switch is set to operate being 240 amperes. 
The limit switch will operate immediately and arrest any 
further progressive action of unit switches, but will not 
cause those unit switches already closed to open. The 
limit switch is distinctly an acceleration regulator, making 
the rate of acceleration largely automatic and preventing 
excessive current consumption and wheel slippage due to 
careless handling of the controller. 


LINE SWITCH 


9. Figs. 18 and 14 are, respectively, a front and a back 
view of the line switch, which is essentially an automatic 
circuit-breaker, and Fig. 15 is a view with the cover removed. 
Corresponding parts are marked the same in the three views, 
and their connections will be understood by referring to 
Fig. 17. In Fig. 15, aais the blow-out coil, which also 
serves as a tripping coil, wound in two sections and com- 
posed of copper strip coiled on edge; @ is the air cylinder in 
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which a piston moves back and forth, thus separating con- 
tacts c,d or bringing them together, as the case may be, and 
thereby opening or closing the main motor circuit. Magnet 
coil e controls the position of enclosed valve /, through which 


Fie. 13 
air is admitted to cylinder 4, and an interlock switch is 


enclosed in g. The circuit-breaker tripping device is shown 
at A, and the resetting device at z. Operating air enters 


ha | 
3) 
OO) 
Cl). <n 


Fre. 14 


through pipe 7, which includes an insulation coupling &, 
Fig. 18, to prevent grounding the line-switch casing through 
the piping system. The control wires enter and leave 
through pipe /, Fig. 15, and the motor-circuit wires through 
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wooden bushings » and m». Motor current entering the 
breaker passes successively through top blow-out coil sec- 
tion, contacts c and d, and bottom blow-out coil section. 


Fic. 15 


The lugs for supporting the device from the under side of 
the car are shown at a. 


10. The line switch, or circuit-breaker, is connected 
between the trolley and the unit-switch group, as indicated 
in Fig. 17. When the trip is opened, it is held open by a 
catch that can be withdrawn either by hand operation or by 
momentarily closing the circuit through the reset coil by 
closing the circuit-breaker reset switch located alongside the 
master controller. This can be done only when the master 
controller is at off-position. The armature of the overload 
trip works against a spring that can be adjusted for different 
values of the tripping current. The object of the line-switch 
interlock, which is closed only when the line switch is open, 
is to short-circuit the contacts of the line relay and thereby 
permit operation of the switch group for testing purposes, 
without the possibility of establishing any main circuits that 
can allow current to flow. The line switch is not always 
used, and in the equipment shown in Fig. 1, it is not indicated. 
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LINE RELAY 


11. The function of the line relay, the connections of 
which are indicated diagrammatically in the lower right-hand 
corner of Fig. 17, is to open all the switches except the line 
switch when there is no power on the line. One terminal of 
the relay-operating coil is connected through a resistance 
to the inside of the line switch, and the other terminal to the 
ground. The relay contact marked 8 is connected to one 
contact of the overload trip switch, to B— side of the line- 
switch magnet coil, and to one side of the line-switch inter-- 
lock. The other relay contact S connects to the opposite 
side of the line-switch interlock and also to one contact of 
the No. 6 unit-switch interlock. The result of these con- 
nections is to make the line-relay switch the return battery 
wire for all switch coils except that of the line switch. The 
line-relay switch is normally held open by gravity; but 
closing the line switch, the operating coil of which does not 
depend on the line-relay switch for its battery return, pro- 
vides a trolley connection from which current flows through 
the line-relay operating coil. This current closes the line- 
relay switch, which remains closed as long as the line switch 
is closed, the latter being open only when the master con- 
troller is at off-position or when the overload trip switch 
operates. 


RESISTANCE COIL 

12. The resistance employed with the unit-switch con- 
trol equipment is of the Westinghouse grid type, and is 
made up of eleven units, the connections of which are indi- 
cated in Fig. 17. The grids are grouped to form seven 
resistance sections, and in parallel with each section is a 
corresponding unit switch, the closing of which short-circuits 
the section. 


CONNECTIONS AND OPERATION 


13. The connections of the control, or operating, circuit 
for a single car are shown in Fig. 16, the wiring being 
simplified somewhat in order to make the circuits easier to 
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follow. For example, a single set of cells connected directly 
to the controller is shown for supplying the control current, 
while in an actual installation two sets of cells are used, as 
shown in Fig. 17, and are connected to switches so that one 
set can be charged while the other is in use. Also, the 
seven control wires pass from end to end of the car, as 
indicated in Fig. 17, and terminate in sockets. In Fig. 16, 
the wiring is shown as applying to a single car, but in follow- 
ing out the operations it should be remembered that the 
movement of the master controller on the front car, or any 
other car of a train, operates the main controllers on all the 
motor cars, because the control circuits pass from car to car 
and are energized throughout the train. The unit switches, 
without main-current connections, are shown numbered in 
the lower part of the figure. The small switches shown 
ADO VEMUNe mM UNIE SWwAatChesmiauo. to. Oy Ong Li. Won ande7d 
represent the interlocks. Where the crosspiece of these 
small switches is shown a short distance above the terminals 
of the switch, it indicates that the interlock is open when the 
corresponding main switch is open, and that when the piston 
of the main switch goes down the interlock closes. When 
the crosspiece is shown below, but in contact with the 
terminals, it indicates that the interlock opens when the 
piston goes down and the main switch closes. 

In Fig. 16, the interlocks on unit switches 7, 2, 6, 8, 9, 
and 11 are open and those on unit switches 7, 12, and 13 are 
closed, the unit switches themselves being all open. The 
construction of the interlocks on unit switches 4 and 5 is 
different from that of the others. The curved crosspiece, 
represented as touching the two right-hand long strips, slides 
up and down with the piston. Soon after the piston starts 
its downward movement, the third strip from the right 
makes contact with the sliding crosspiece. Just before the 
piston reaches the end of its downward stroke, the sliding 
contact engages the left-hand short strip, but leaves the 
extreme right-hand strip marked 72 on the interlock of 
switch 5, and 77 on that of switch #4. Certain of the unit 
switches are provided with two coils, one of which is a 
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pick-up coil for operating the switch and the other a retain- 
ing, or holding, coil for holding the switch closed even if 
current is cut off from the operating coil. The object of the 
retaining coils will be better understood after the operation 
on the various controller notches has been considered; but, 
briefly, their function is to hold such switches as may have 
already operated closed, even though the limit switch, 
because of excessive current, opens and thus prevents any 
other unit switches from closing. That is, the holding coils 
prevent all the switches from opening and thus making 
it necessary to cut out the resistance again from the 
beginning. 


14. Operation on First Position.—Movement of the 
master switch handle to its first forward position establishes 
connections as follows: Master controller finger &+, connected 
to the positive battery terminal, connects to fingers 45.S and 1 
through the master controller cylinder. Assuming the. line- 
switch cut-out to be closed, finger 5S introduces current 
through the magnet coil of the line switch, and this current 
reaches the negative battery wire by way of the overload trip 
contacts; excitation of this circuit closes the line switch by 
admitting air to its operating cylinder. The closing of the 
line switch provides a trolley connection at 7, and allows 
current to flow through the lifting coil of the line relay to 
ground, thereby closing the line-relay switch, the contacts 
of which are in parallel with the line-switch interlock. A 
small rheostat is connected in series with the line-relay coil 
to limit the current. Simultaneously, a current from finger 7 
passes through reverser coil 7 and thence to the negative 
side of the battery. This current opens the valve controlled 
by reverser coil 7, and if the reverser is not already in the 
forward position, it will promptly move to this position. As 
soon as the reverser throws the full length of its travel, the 
safety switch on the end establishes connection between the 
positive battery wire B+ and wire A, which represents the 
positive sides of the retaining coils Nos. 1-2, 11-8, 5, 8, 9-10, 
4-12-13, and the pick-up coils Nos. 6 and 7. 


186—31 
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The reverser must be fully thrown forward or back, other- 
wise its safety switch will not connect wire # to battery. 
Assuming the reverser to be at the extreme end of its travel, 
wire R will become 2+, and current passes through the No. 6 
magnet coil to B— by way of the closed line-relay switch, 
thereby operating the No. 6 unit switch and closing its inter- 
lock S-A-13. The closing of this interlock causes current 
to take path R-No. 7 magnet coil-contacts 19, 12 of unit 
switch 73-contacts 12, 11 of interlock 5-contacts 11, 13 of 
interlock 4-contacts 13, A, S of interlock 6, here joining 
with the current from the No. 6 magnet coil and flowing 
with it through the line-relay switch to B—, and thereby 
operating unit switch 7. The motors are now in series 
with resistance, as will be seen by tracing out the main- 
current path in Fig. 17, assuming the line switch and unit 
switches 6 and 7 to be closed; also, see Table I. 


15. Operation on Second Position.—On moving the 
master controller to the second position, thereby connecting 
controller finger 4, Fig. 16, to A+, current flows out on 
the No. 4 wire, through the magnet coil of switch 8, which 
immediately operates, through interlocks of switches 5, 4, and 
6 to join in with the operating currents of switches 6 and 7, 
and through the line relay switch to B—. Through the limit 
switch, a branch of the No. 4 wire connects to wire Z, 
which is the positive side of the pick-up coils of mag- 
nets 9-10, 11-8, 1-2, and 4-12-18. The closing of No. 8 
interlock, due to the operation of No. 8 unit switch, has given 
a &— connection to the No. 8 retaining coil and also to the 
No. 9-10 pick-up coil, which closes switches 9 and 10. The 
closing of switch 9 gives its retaining coil a B— connection 
through its own interlock and interlocks of switches 8, 5, 4, 
and 6. The operation of unit switch 9 also gives a B— con- 
nection to pick-up coil 11-3, which immediately picks up unit 
switches 7/ and 3. These switches are retained by their 
retaining coil, which gets its 4— connection through inter- 
locks 11, 9, 8, 5,4,and 6. The closing of unit switch No. 77 
closes its interlock, through which a B— connection is given 
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to the pick-up coil of No. 7-2 magnet. This magnet picks 
up switches Nos. 7 and 2, which are then retained by their 
retaining coil, getting a 2— connection through interlocks of 
switches 2, 11, 9, 8, 5, 4, and 6. The motors are now in full 
series across the line. 


16. Operation on Third Position.—On moving the 
master switch to the third position, finger B+ is connected 
to the No. 7 wire and battery current takes path 7—motor 
cut-out switch-interlock wire J/—pick-up coil 5-interlocks of 
switches 1, 13, 5, 4, 6—-B—, by way of the line relay, as in 
preceding cases. The closing of No. 5 switch first com- 
pletes the circuit of its own retaining coil through contacts 
10 and 11 on No. 5 interlock, contacts 77 and 13 on No. 4 
interlock, No. 6 interlock to B—, as usual. Toward the end 
of the piston stroke, the sliding contact on interlock No. 5 
breaks connection with contact No. 12, thereby depriving the 
pick-up and retaining coils 7, 8, 9-10, 11-3, and 1-2 of their 
#— connections and opening these switches. When No. 5 
switch is fully closed, the short contact of its interlock com- 
pletes the circuit through the pick-up coil 4-12-73 as follows: 
B+ —-4-pick-up coil 4-12-15-interlock on switch 7—interlock 
on switch 12-interlock on 45-interlock on 4-interlock on 
6-line relay-B—. Switches 4, 72, and 13 do not close until 
switch 7 has fully opened, because interlock 7 is part of the 
circuit through pick-up coil 4-72-13, and this interlock is 
closed only when its unit switch is entirely open. When 
switch No. 13 closes, its lower interlock contacts establish 
a &—connection to the retaining coil through interlocks 
138—7-12-5-4 and 6. In the first part of the downward move- 
ment of the piston of switch No. 4, its interlock engages the 
low contact, thereby establishing another 8— path through 
the Nos. 74 and 73 fingers of the interlock of switch 4. 
The first path is broken in two places by operation of unit 
switches 4 and 172 when these switches are nearly closed and 
the B— connection of the retaining coil of switch No. 5 is 
also broken; this switch then opens. The motors are now 
in parallel and have five sections of resistance in series with 
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each. The full closing of switch No. 4 connects the short 
contact of its interlock to B—, thereby providing a B— con- 
nection for the pick-up coil of the 9-10 magnet, which picks 
up switches 9 and 10. The closing of switch No. 9 causes 
the consecutive closing of 11-3 and 1-2, as on the second 
position. The motors are now in full parallel and will remain 
so until the master controller is moved to off-position. 


CAR-WIRING DIAGRAM FOR UNIT-SWITCH CONTROL 


17. Fig. 17 is a car-wiring diagram of the unit-switch 
system and shows the main motor connections that are 
omitted in Fig. 16. In Fig. 17, the normal condition of a 
unit-switch equipment with a train at a standstill, is as fol- 
lows: The master controllers are both at off-position; all 
unit switches, the line switch, the line-switch cut-out and 
circuit-breaker resetting switches (see small switches near 
master controllers) are open. One battery of storage cells 
is ready for use and the other is charging through the lamp 
circuit. The reverser is either in forward or reverse position, 
and the motor cut-out switch is on the first position in which 


both motors are cut in. The line-relay switch is open and 
the limit switch is closed. 


18. A motorman on taking a car, first closes the pump 
switch and raises the air pressure to a standard value. The 
line-switch cut-out is then closed, and the resetting switch is 
closed for an instant to insure that the circuit-breaker trip 
may be at the upper end of its stroke, where it provides 
return battery connection B— not only for the magnet coil 
of the line switch but also for the several control-circuit 
arrangements. 

The circuit-breaker resetting coil is operative only when 
the master switch is at off-position, because only in this 
position are master-controller fingers 6 and 3, which are part 
of the resetting circuit, connected. With the circuit-breaking 
trip of the line switch closed, one of the first effects of 
advancing the master controller to the first position is to 
energize the line-switch magnet coil, thereby admitting air 
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to the line-switch operating cylinder, closing the main circuit- 
breaker contacts, and opening the line-switch interlock. The 
immediate effect of closing the line-switch main contacts is 
to send current through the magnet coil of the line relay and 
thereby close the line-relay switch. It must be remembered 
that the line-relay switch handles battery current, but its 
magnet coil is energized by line current. The closing of the 
line-relay switch provides the ®— return for the various con- 
trol circuits connecting to the No. 6 interlock, as considered 
in connection with Fig. 16. As line voltage is necessary to 
keep the relay switch closed, the relay switch will open all 
automatic switch circuits, except that of the line switch, if 
the power leaves the line or if the trip coil of the line switch 
operates. While closing the line switch renders the wire C 7, 
Fig. 17, extending from the line switch to the unit switch 
No. 12, alive, no motor current can flow until flow of current 
through the reverser circuit throws the reverser and estab- 
lishes the safety switch 8+, R connection that operates unit 
switch 6, the operation of which sets off 7. Moving the 
master controller to the series running notch automatically 
works the motor up to full series, and movement to the 
multiple notch automatically changes the motors from full 
series to parallel with resistance in series, then to full parallel. 
Should the master controller be advanced too rapidly, the 
limit switch will operate and open the circuit between wire 4, 
Fig. 16, and the bus-wire connected to several of the pick-up 
coils. This will prevent any further cutting out of resistance 
until the current has dropped to normal value. However, 
the opening of the limit switch does not interfere with the 
current in the holding coils and the switches that have oper- 
ated up to this point do not drop and cut resistance back in. 
By means of the various interlocks and the connections 
between operating coils, the cutting out of resistance is per- 
formed automatically after the controller has been placed on 
notch 2 or 3 and does not require a movement of the con- 
troller for each section of resistance cut out. The unit 
switches active at the different steps of the controller 
operation are indicated in Table I. 
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TABLE I 
omens Soha Unit Switches in Action 
I Line switch 
2 Line switch 6 
3 I Line switch 6 7 
4 2 Line switch 6 7 8 
5 3 Line switch 6 7 8 g-I0 
6 4 Line switch 6 7 8 g-IO II-3 
5) 5 Line switch 6 7 8 g-1o 11-3 I-2 (full series) 
8 Lineswitch 16.7 (9) (9-10 1r-3 95-25 
9 Line switch 6 5 
10 Line switch 6 5 4-12-13 
II 6 Line switch 6 4-12-13 
12 7 Line switch 6 4-12-13 9-10 
WR 8 | Lineswitch 6 4-12-13 Q-10) 11-3 
14 9 Line switch 6 4-12-13 9-10 11-3 1-2 (full parallel) 


SCHEDULE F-1 


19. The field of operation for multiple-unit systems is 
constantly expanding, and in order to meet new conditions, 
the details of the various systems are changed from time 
to time. The F-1 system is a later development of the 
Westinghouse unit-switch system of multiple control than 
the one just described. Schedule F-1 is designed for a 
double equipment of motors of from 180 to 225 horsepower. 
Only the apparatus that has undergone considerable alter- 
ation will be here described. The general method of opera- 
tion of the system remains unchanged. 


UNIT-SWITCH GROUP 


26. The unit-switch group consists of twelve inde- 
pendent, or unit, switches grouped together in a line on a 
frame that contains an air reservoir. The rectangular switch 
group, shown in Fig. 18, allows of easier inspection and 
repair than the radial, or turret, group previously described. 
Between the switches are arranged blow-out coils that disrupt 
any arc that may form at the main contacts. 
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Fig. 19 shows a portion of the other side of the switch 
group. The main contacts are located at a. The arcs, if 


Fie. 19 


formed, are blown out through the are shields 6 by blow- 
out coils in c. The operating magnets are shown at d, 
and the operating air cylinders at e. 


UNIT SWITCH 


2A. In Fig. 20 is shown a sectional view of a unit 
switch. The operating magnet a when energized opens its 
air valve and allows air, under about 70 pounds pressure per 
square inch, to enter the lower portion of air cylinder 6, thus 
forcing the piston upwards and closing the main contacts c. 
The movable-switch contact is pivoted to the switch arm at a, 
and the arm is pivoted ate. A wiping action between the 
contacts is thus brought about as the switch closes, thus pre- 
venting sticking and causing a better contact and minimum 
deterioration. 

On the piston rod is an arm holding a block on which are 
mounted interlock segments /, thus securing simultaneous 
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movement of the interlock segments and the piston. One 
of the interlock fingers is shown at g. The general arrange- 
ment of these fingers is shown in Fig. 18. The fingers 
are so connected with the operating magnets and inter- 
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lock segments that the closing of one switch energizes the 
magnet of the next switch to be operated, and thus produces 
automatic progressive action. 

When the magnet circuit is opened, the magnet closes its 
air valve and the air cylinder exhausts to the atmosphere, 
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thus allowing the switch to open through the action of the 
cylinder piston spring. It will be noticed that the normal 
position of the switch is open; thus, the failure of the air 
supply or the interruption of the circuit opens all of the unit 
switches. The control-circuit wires are shown at /, the blow- 
out coil at z, and one of the main-circuit terminals at 7. The 
connections of the switches are better shown in Fig. 23. 


MOTOR-CONTROL .CUT-OUT SWITCH 


22. Instead of a main motor cut-out switch, a control 
cut-out switch is used in the control circuit of this system. 
There are a number of types of these switches. Fig. 21 
shows one arrangement of fin- 
gers and segments. On the 
opposite side of the cylinder, 
there are other segments that 
make contact with the right-hand 
set of fingers as the handle is 
turned to the left. The four 
positions are: doth out, both tn, 
No. 1 out, and No. 2 out. 

Operating the switch cuts 
out the operating circuits of 
certain unit switches, thereby 
cutting out either one or both 
of the motors should they 
become disabled. An interlock 
is provided that prevents the switch group from reaching 
parallel position, except when both motors are in circuit. 


LINE SWITCH 


23. The line switch, as shown in Fig. 22, is a single 
unit switch of almost identical construction with those of the 
switch group. This switch is arranged as a circuit-breaker, 
and will open the circuit in case of an overload. A trip 
plunger acted on by one of the blow-out coils opens a small 
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switch, called the overload trip, in the control circuit, in 
case of an excessive load. The line switch and the over- 
load trip may be closed by the operation of plug cut-out 
switches located near the controller and acting through 
the control resetting een. 

coils in the switch. 


CAR-WIRING 
DIAGRAM 


24. Action of 
al mee Car t= Out 
Switches.—In Fig. 
23 is shown a car- 
wiring diagram for 
type unit-switch con- 
trol, 251-C switch 
group, and two mo- 
tors, schedule F-1. 
A single plug is pro- 
vided for the three 
plug cut-out switches 
shown near the con- 
troller. In some 
cases, small, single- 
pole, knife switches 
are used in place of 
the plug switches. 
When the plug is inserted in the reset switch, the wire B+ is 
connected to wire 7-7 on motor-control cut-out (both motors 
in)—70-—70-—73-resetting coil of the overload trip on the line 
switch—90-interlock 4 of unit switch J7,-9 wire at motor-con- 
trol cut-out-B—. The overload trip switch is closed, if 
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previously open. 

Inserting the plug in the line-switch cut-out (abbrevi- 
ated Z.-S. cut-out in Fig. 23) and moving the controller 
handle to either forward or reverse position, so that fin- 
ger 5A is active, completes the circuit through wire 5, the 
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resetting coil of the line switch and wire 9, thus closing the 
switch. When the line-switch cut-out is open, the line 
switches throughout the train cannot be closed, and no circuit 
can be established from the line. 

When the line switch is open, the line relay is also open. 
The line-relay contacts 9 and 12 are connected to fingers 9 
and 12 on the line-switch interlock, and these fingers are 
connected together by the interlock when the line switch 
is open. The circuit of wire 12 is thus completed, and the 
switch group may be operated for test purposes with the 
motor circuit open. If the master-controller handle is thrown 
to parallel-running position in the reverse direction when the 
car is in motion and the line switch is open, the local current 
set up by the generator action of one of the motors will 
brake the car. 

The limit-switch cut-out when closed connects contacts 4 
and Z of the limit switch, independent of the action of the 
switch. If it is necessary temporarily to use a very heavy 
current, the limit-switch cut-out may be closed and the switch 
group operated without interference from the left-hand limit 
switch. The right-hand limit switch is still active. In case 
of excessive current during this operation, the line switch, 
which acts as a circuit-breaker, will open the circuit and 
protect the apparatus. The circuit-breaker reset switch and 
the limit-switch cut-out are closed only temporarily, and may 
be in the form of small knife switches provided with springs 
that will normally keep the switches open. The line-switch 
cut-out is normally closed during operation. 


25. First and Second Positions.—On the first forward 
position, finger 8+ is connected to the drum segment. On 
the second position, finger 54 is active, and if the line-switch 
cut-out is closed, the line switch will close. At the same 
time, finger 2, which in this controller is the forward reverser 
finger, is active, and the reverser is thrown to forward posi- 
tion. On the second reverse position, finger No. 7 is ener- 
gized, and the reverser is thrown to reverse position. In 
Fig. 23, the reverser is at the forward position. Current 
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from wire 2 flows through the wire A at the reverser and 
operates unit switch JZ; current also flows from wire R 
through interlocks /and J/, and wires 14 and 15, and operates 
switch JR. Switches 1/7, and/R are now closed. By tracing 
the path through the main circuit, it will be found that both 
motors and all the resistance sections are in series. This is 
the second, or switching, position. 


26. Third Position.—On the third position of the con- 
troller, finger 4 is energized. Current from finger 4 flows 
through wire 4—interlock of the left-hand limit switch-wire Z 
—closed interlock of switch J4/,-16-interlock of switch /-17 
—closed interlock of switch /R-—18-operating coil of switch .S. 
The switch S operates and its interlock closes, thus allowing 
retaining current from wire F# to flow through the magnet 
coil of switch S, and at the same time wire 20 is energized 
from wire 18. Switch RA, now closes, and retaining current 
flows from wire A-interlock of switch /-13—magnet coil of 
Swliciese ce OWILCHeES AACA Cay eAcies, and eA. close ini 
Sirowessioia,  Syyalrenes. J69, Wl, Sy Mk, Wiki Hen, IRI, IRs: 
RR,, and R, are now closed, and both motors are in series 
without resistance. This is the serzes-running position. 


27. Fourth Position.—On the fourth position, finger 7 
is active. Current flows from wire 7 to finger 7 on the 
motor-control cut-out—cross-connecting strip—71—closed inter- 
lock of switch ,-31-interlock of switch G-—32-operating 
coil of switch J. Switch / and its interlock close. By 
means of this interlock, the current from the retaining wire R 
is cut off from the operating coils of switches RA.,, RA,, 
OM nee ead, Jc, AS mbgerelo 1 Ole the interlock<o1 
switch J hangs in the air, and these switches open. The 
operating coil of switch JR had been receiving current 
through finger 13 of the interlock of switch J7, and wires 
14 and 15. Retaining current for the operating coil of 
switch J is obtained from A-interlock of switch /—31-inter- 
lock of switch G. The motors are in series without resist- 
ance and are connected together by switch J (see schematic 


diagram, step 10). 
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Current can now flow from the wire L-closed interlock 
of switch 47,-16-closed interlock of switch /—33-interlock of 
switch /R-34—-35-operating coil of switch 4/7, thus closing 
switch J17,. Finger 36 on the motor-control cut-out is ener- 
gized from finger 34, and switch G closes. 

The closing of switch G and its interlock interrupts the 
retaining circuit of switch /; thus switch J opens. The 
motors are now in parallel with resistance sections in series 
with each motor. On the remaining steps, the resistance 
sections are cut out in the same manner as on the series 
position. This is the parallel-running position. 


28. Action of Limit Switches.—The control contacts 
4 and Z on the left-hand limit switch are active in interrupt- 
ing the control circuit when both motors are in circuit. The 
main-current coils of both limit switches are active, but con- 
trol-circuit wire £0 (connected to wire Z in the motor-control 
cut-out) is dead while both motors are in circuit. 

When the motor-control cut-out is turned to either posi- 
tion 2 or 7, finger Z on the motor-control cut-out, which is 
connected to wire 40 and contact 40 on the right-hand limit 
switch, is active, and this limit switch now acts to interrupt 
the control circuit. When motor No. 2 is in and motor No. 1 
out, unit switch JZ, is open, and finger Z on the limit switch 
and wire Z are dead. The open circuit is at the interlock of 
unit switch 47,. When motor No. 1 is in and motor No. 2 
out, finger 2 and wire Z are dead, since switches 47, and JR 
are open. Therefore, the right-hand limit switch alone is 
active in interrupting the control circuit through wire 40, 
finger £ on the motor-control cut-out, and wire 18, when 
only one motor is used. The right-hand limit switch may 


be adjusted for the conditions present when only one motor 
is driving the car. 
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SCHEDULE I 


APPARATUS 


29. In the system known as schedule I, the apparatus 
in general is similar to that employed in schedule F-1. The 
reverser and the motor-control cut-out differ slightly in 
details, two line switches are used instead of one, no line 
relay is used, and only two plug cut-out switches are 
employed. In case it is necessary to overload the motors 
for a short time, the limit-switch cut-out may be closed, 
thus cutting the motor limit switch out of action. The 
system is designed for the control of four motors of from 
55 to 90 horsepower each. The principle of the action of 
the system is the same as in schedule F-1. 


CAR-WIRING DIAGRAM 


380. First Position.—In Fig. 24 is shown a car-wiring 
diagram for type unit-switch control, 255-I switch group, 
and four motors. Line switch No. 7 is closed by closing 
line-switch cut-out and moving the controller drum to 
the first position. The current path is 64-—6-60-resetting 
coil of No. 7 line switch—8—11-10-11-9-B&—. On the first 
forward position, finger 2, which in this controller is the for- 
ward reverser finger, and finger 6A are energized, the 
reverser is moved to forward position, and switches J/, 
(wires R and 37) and JR (wires R-13-14—-15) are closed. 
Switches Z.S,, 4%,, and /R are closed, the pairs of motors 
are in series, and all the resistance sections are in circuit. 
This is the sw7ztching position. 


81. Second Position.—Finger 4 is now active, and 
wire 4 and its connecting wire 7 are energized; switch S is 
thus closed. Current from wire Z then flows as follows: 
Wire Z-closed interlock of switch J7,-16-interlock of switch 
J-17-closed interlock of switch /R-18-18-closed interlock 
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of switch S-20—motor-control cut-out-21—21-closed interlock 
of No. 7 line switeh-202-202-finger—201-60-operating coil of 
No. 2 line switch-8—11-10-11-9-B—. No. 2 line switch 
closes. Switch .S and line switch No. 2 cut out sections of 
the resistance SS to S, (see main figure and schematic 
diagram). 

As the interlock of No. 2 line switch is closed, finger 201 
of this interlock energizes finger 23, and current flows 
through wire 23 and operating coil of switch AA,, which 
closes switch RR:. Switches A,, RA., and FA, close, thus 
cutting out the resistance sections and leaving the pairs of 
motors in serzes-running posttion. 


32. Third Position.—Finger 7 is now active, and thus 
energizes wire 71. The path of the current from the closed 
interlock of switch A, is: 31-interlock of switch G—32-opera- 
ting coil of switch /-ground. Switch J closes. The closing 
of the interlock of switch / opens the retaining circuit of 
switches ARA., AR, 7, 2, S, and JR, and these switches 
open. 

From wire Z current flows to the closed interlock of 
switch 47,-16-closed interlock of switch J/—33-interlock of 
switch /R-34-wires 35 and 36, in parailel, and operating 
coils of switches JZ, and G, in parallel. Switches 47, and G 
close. The closing of the interlock of switch G opens the 
retaining circuit of switch /, and that switch opens. 

Operating current is now obtained from wire Z through 
the interlocks of switches J7,, J, 1/.-wire 20—motor-control 
cut-out-wire 27-interlocks of No. 7 line switch—202-202- 
finger 201-interlock of No. 2 line switch—23-operating coil 
of switch RA, Switches RR,, R,, RR:, and R, close in 
succession, thus cutting out the resistance sections. The 
switches are retained in position by current from the retain- 
ing-circuit wire R. The pairs of motors are now in parallel- 
running posttion. 

The small slot in the controller drum enables the motor- 
man to notch up, step by step, when the motors are in 
parallel connection, thus increasing the speed gradually. 
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After reaching the third position, the drum may be moved 
back so that the No. 4 finger hangs in the slot and the No. 4, 
or limit, circuit is broken, thus stopping the progression of 
the switches. The drum may then be moved alternately 
between the slot position and the third position, and the 
switches notched up step by step. 
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SINGLE-PHASE RATLWAY 
SYSTEM 


THEORY OF MOTOR ACTION 


INTRODUCTION 


1. The application of electric propulsion to long railway 
lines has brought forth conditions that require a more eco- 
nomical and efficient system of current distribution than is 
possible with direct current at the usual voltage of 650 or 
less. The cost of copper conductors required to transmit 
very large currents over long distances, with a reasonable 
loss of power in the transmission system, prohibits their 
use. This has led to the development of the high-tension, 
alternating-current main station in conjunction with rotary- 
converter substations, from which direct current at a pres- 
sure of about 600 volts is supplied to the railway lines. 
The substation machinery is expensive, and a number of 
skilled attendants in each station is necessary. As the size 
of the car equipments increased, the current on the low- 
tension, direct-current circuits became excessive, and the 
safe limit of the carrying capacity of the trolley wire was 
exceeded. The third-rail system is extensively used and 
a large current may be carried by the conductor rail, but 
many engineers do not consider it advisable to place the 
supply conductors so near the ground, especially if high 
voltage is employed. 
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2. If a high-voltage alternating current is supplied to 
the trolley line and then utilized for propelling cars by means 
of alternating-current motors, the trolley wire may be of 
moderate size, even though its length is great and the car 
load heavy. With alternating current in the transmission 
lines from the main stations to the substations and in the 
trolley lines, the substations need contain only static trans- 
formers and auxiliary switching apparatus; that is, no moving 
machinery is necessary. The substation equipment is then 
of comparatively low cost, and little if any attendance, 
except regular inspection, is required. 

The development of such a system was long delayed by 
the lack of a suitable single-phase, alternating-current motor. 
In 1902, however, a single-phase, series-wound commutator 
motor, which may be efficiently used on either alternating- 
or direct-current lines, as well as other apparatus necessary 
to make up a complete alternating-current railway system, 
was developed by the Westinghouse Electric and Manu- 
facturing Company. 

Polyphase induction motors are used on several roads in 
Europe. This necessitates two or more overhead wires. 
In a three-phase system, two overhead wires are sometimes 
used, with the rails acting as the third side of the system. 
Besides the complication of the overhead work, the induction 
motor is not well fitted for variable-speed railway work. 

As the development of alternating-current railway work 
in the United States has been mostly along the lines of the 
single-phase system, this system will be described. 


REVERSAL OF CURRENT 


3. When an alternating current flows through the field 
winding and armature winding of a series motor, the polarity 
of the field pole pieces and the direction of the current in 
the armature conductors change at practically the same 
instant. Continuous rotation in a given direction is there- 
fore maintained. In Fig. 1, curve adc represents one cycle 
of an alternating current. In the portion of the cycle a4, the 
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current is assumed to flow from motor lead d to lead é, 
resulting in the polarity and rotation shown. At 6, the 
direction of flow of current is reversed; it now flows from 
lead e’ to lead d’, thus reversing the polarity of field poles 
and armature poles, but not the direction of rotation, which 
remains unchanged, as indicated. 

In the case of an alternating-current motor, as well as of 
a direct-current series motor, the direction of rotation is not 


reversed where dofh the field terminals and the armature 
terminals are reversed, but the rotation is reversed when 
either the field terminals ov e/se the armature terminals are 
reversed. 

The frame on which the field coils of the alternating- 
current motor are mounted, as well as the armature core, is 
laminated in order to prevent eddy currents, which other- 
wise would be set up by the alternating current in the motor 
windings. 


SELF-INDUCTION 


4. ¥Fielad.—An electromotive force of self-induction is set 
up in the windings by the alternating current flowing through 
them. In the case of the main field windings, this electro- 
motive force is reduced to its lowest value by reducing the 
turns of the exciting field coils to the least number capable 
of providing the necessary magnetic flux. The less the 
number of turns that are acted upon by the alternating 
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magnetic flux passing through them, the smaller becomes 
the electromotive force of self-induction. 


5. Compensating Field and Armature.—The self- 
induction of the armature winding is practically suppressed 
by the action of a compensating field winding. This winding 
is frequently called an auxdliary winding or a neutralizing 
winding, and these terms will be used interchangeably in 
the following discussion. The main exciting field winding, 
the armature, and the compensating winding are connected 
in series. 

In Fig. 2 is shown the development of a portion of the 
windings of a compensated, single-phase, alternating-current 


Fie. 2 


series motor. The direction of motion of the armature core 
is indicated by the large, horizontal arrow. Only one arma- 
ture coil and its corresponding compensating coil are shown. 
In the actual motor, there are numerous armature coils and 
compensating coils, the armature coils being placed in slots 
in the armature core, and the compensating coils, having 
much the same distribution, in slots in the pole faces. Two 
pole pieces and two main field coils are shown, as well as the 
resulting polarity of the poles, when the current is flowing 
through the field coils in the direction indicated by the 
arrowheads. 

In order to obtain rotation in a given direction, there must 
be a certain relation between the polarity of the pole pieces 


$51 SINGLE-PHASE RAILWAY SYSTEM 5 


and the direction of current flow in the armature conductors 
under the poles. With the polarity as shown, and the 
indicated direction of rotation, the current in the armature 
coil flows in a counter-clockwise direction when viewed from 
the lower portion of the figure. The current is an alter- 
nating one, so that, while the coil is passing from contact 
with one brush to contact with the next, the current through 
the motor windings may reverse, once or. more. At the 
instant under consideration, the current in the armature coil 
tends to set up a magnetic flux in the direction indicated by 
the full-line, vertical arrows. The compensating coil is so 
connected that the current flowing through it has a tendency 
to set up a magnetic flux in the direction indicated by the ver- 
tical, dotted arrows. These two magnetic fluxes oppose each 
other. If the current reverses, both magnetic fluxes are 
reversed in direction, and therefore still oppose each other. 
These fluxes practically neutralize each other in their action on 
the sets of coils. The self-induction in one winding is nearly 
neutralized by mutual induction from the other winding. 


6. When a current flowing through a coil changes in 
value, the number of lines of force embraced by the coil also 
changes, and this change in the number of lines sets up an 
electromotive force of self-induction in the coil. If means 
are provided so that the first coil is subjected to the effects 
of induction from a second coil having an opposing magnetic 
flux, the coil will be practically free from self-induction, and 
the same value of either direct or alternating electromotive 
force will send about the same current through the coil. 
This is the effect of the action of the compensating coils on 
the armature coils, and the armature coils on the compen- 
sating coils. In addition to reducing the self-induction of 
the armature coils and compensating coils, and thereby 
improving the power factor of the motor, the current in the 
compensating winding so neutralizes the armature reaction 
that proper commutating conditions may be secured with 
fewer turns on the field winding, and thus a weaker field, 
than would otherwise be possible. 
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7. Relative Arrangements of Coils.—In Fig. 3 is 
shown the relative arrangement of armature, pole pieces, 
main field coils, and compensating coils for a four-pole 
motor. ‘The main field coils are shown at a, a, a, a, and the 
compensating field winding at 6,c, d, ande. The armature, 
if of large size, is usually parallel-wound and arranged for a 
four-pole field. 

It is assumed that at a given instant the alternating current 
is flowing in such a direction through the main exciting field 
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coils, the armature, and the compensating coils as to tend to 
make the top and bottom pole pieces north poles and the side 
pole pieces south poles; to make two north poles WV, and two 
south poles S, at the points indicated on the armature core; 
and to make the inner sides of compensating coils e and c 
north poles 4, and the inner sides of compensating coils 6 
and @d south poles S.. The directions of these sets of lines 
of force are indicated by. short arrows and arrowheads. 
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When the current reverses, the polarities at all of these 
points are also reversed. As the compensating winding— 
here shown as four coils—in practice is distributed over the 
pole faces and is so connected that the current in the turns 
of the coils tends to set up in the pole faces and between the 
pole tips lines of force that directly oppose the lines of force 
caused by the current in the adjacent armature coils, the 
self-induction of the compensating winding and the armature 
winding is nearly, but not entirely, neutralized. 


ARMATURE TRANSFORMER ACTION 


8. When the armature is rotating in the magnetic field 
set up by the main exciting coils, a counter electromotive 
force is generated in the armature coils in the same manner 
as in a direct-current armature. There is also set up in the 
armature coils an electromotive force due to the alternating 
magnetic flux passing through the pole pieces and arma- 
ture. This is practically a transformer action. The first, or 
mechanically generated, electromotive force is proportional 
to the speed; the second, or electrically generated, electro- 
motive force is proportional to the frequency of the alter- 
nating current. The first electromotive force is the useful 
one, as it is the counter electromotive force of the motor. 
The effect of the second electromotive force in part of the 
coils is neutralized by the effect of the same force in the 
remaining coils, as illustrated in Figs. 4 and 5, so that 
the second electromotive force does not affect the first. 


9, Ringe Winding.—In Fig. 4, the polarity of the pole 
pieces at a given instant and the direction of rotation of the 
armature are assumed to be such that the counter electro- 
motive forces generated are in the directions indicated by the 
full-line arrows. The directions of the counter electromotive 
forces are away from brushes 4 and d and toward brushes 
aandc. For convenience in representation, a ring-wound 
armature is shown; the coils, indicated by spirals, are all 
wound and connected in a similar manner. 
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10. The direction in which an induced current circulates 
around a coil depends on the direction of the lines of force 


SSAvay 


pe, aN 


in the coil and whether their number is increasing or dimin- 
ishing, and may be determined by the following rule: 


Rule.—/f the effect of the magnetic action ts to diminish the 
number of lines of force that pass through the coil, the current 
well circulate around the cotl tn a clockwise direction, as viewed 
by a person looking along the magnetic field in the direction of 
the lines of force; but tf the effect ts to tncrease the number of 
lines of force that pass through the cotl, the current will circulate 
around the coil in a counter-clockwise direction, as viewed by a 


person looking along the magnetic field in the direction of the 
lines of force. 
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The alternating magnetic flux at a given instant is supposed 
to be increasing in value, and is of the polarity indicated by 
the letters on the pole pieces. Standing at point e, Fig. 4, 
and looking along the lines of force toward h, the increasing 
magnetic flux will set up an electromotive force that will 
tend to send a current around the turns of wire in a counter- 
clockwise direction; that is, the electrically generated electro- 
motive force is from e to 4. By similar reasoning, the 
electrically generated electromotive forces are found to be 
from e to f, from g to #, and from g to f, as indicated by the 
long, dotted arrows. In the set of coils between any two 
brushes, it should be noted that the electrically generated 
electromotive force in half of the coils is directly opposed by 
the electrically generated electromotive force in the other 
half of the same set of coils. These electromotive forces 
therefore neutralize each other, and the counter electromotive 
force is affected but little, if any, provided the brushes are 
on the neutral points. 


11. Drum Winding.—In Fig. 5 is shown a developed 
winding of a parallel-wound, four-pole, drum armature. The 
field. magnetic flux is assumed to be increasing in value and 
of the polarity shown. The directions of the counter electro- 
motive forces are indicated by the arrowheads on the con- 
ductors. Lines of force are coming up through coil ef from 
the north pole below it. The electrically generated electro- 
motive force, which is the result of transformer action, is in 
such a direction as to tend to send a current around the coil 
that, if it actually flowed, would set up lines of force opposite 
in direction to those emanating from the pole piece. The 
flow of current in coil ef would thus be clockwise, and the 
direction of the lines of force would be downwards through 
the coil. The directions of the electrically generated electro- 
motive forces in the coils are indicated by the short arrows 
near the conductors. 

Where a coil embraces parts of both a north pole and a 
south pole, the pole having the larger portion under the coil 
is assumed to exert the preponderant influence. For instance, 
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coil ¢h lies partly over a north pole, but mostly over a south 
pole. Lines of force are increasing in value and are passing 
down through the coil into the south pole. The electrically 
generated electromotive force is in a counter-clockwise direc- 
tion, and tends to set up a current that will in turn set up 
lines of force passing up through the coil, these lines being 
opposite in direction to the main field lines passing into the 


south pole. It should be noted that in coils zj and gh, 
which are connected between brush a and brush d, the counter 
electromotive force is in a counter-clockwise direction in 
both coils, but that in coil 77 the electrically generated elec- 
tromotive force is clockwise, while in coil ¢f it is counter- 
clockwise. The electrically generated electromotive forces 
thus neutralize each other so far as their effect on the counter 
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electromotive force is concerned. The same conditions hold 
true for the other quarters of the winding. 


12. Commutated Coil.—A point of importance is the 
effect of the alternating magnetic flux on the coils short- 
circuited by the brushes. In the position shown in Fig. 5, 
coil ef has its ends connected by brush a. The coil is over 
the pole piece 4, and as the polarity of the pole piece is 
periodically changing, an alternating magnetic flux is set up. 
in the coil as it moves past the pole. The coil acts as a 
closed secondary of a transformer, of which the field winding 
on the pole piece WV is the primary. The ohmic resistance of 
the closed circuit is low, and a very large current would flow 
through the coil and thus cause violent sparking at the 
brushes when the local circuit is broken if precaution were 
not taken to prevent it. In order to reduce the short-cir- 
cuited current, usually only one turn per coil is used, a low 
frequency of the alternating current is employed, a low value 
of electromotive force is applied to the motor terminals, and 
the magnetic circuits are carefully designed. 

A method of still further reducing the short-circuited cur- 
rent is to connect the junctions of the coils to the commu- 
tator bars with leads of resistance metal, as shown at &, /. 
The resistance of the leads %, 7 prevents an excessive current 
from flowing through the local circuit composed of the coilef, 
the leads #,/, the two commutator bars, and the brush a. 
The leads carry current only when the commutator bars to 
which they are connected are in contact with the brushes, 
as the armature windings form a closed circuit independent 
of the leads. 

The loss occasioned by the resistance of the few leads in 
circuit at the brushes at any time is slight. In small alter- 
nating-current armatures, such as are used in motors for 
driving air compressors, no resistance leads need be used, 
as the brushes usually have sufficient resistance to limit 
the short-circuited current. In railway motors of ordinary 
size, the resistance leads are usually tapped to the armature 
winding at the rear end of the core and brought to the 
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commutator bars through the same slots as the main winding. 
In some of the large locomotive motor armatures, in order 
to secure a greater length, the leads are tapped to the arma- 
ture winding at the front end of the core, carried to the rear 
end, doubled back to the front end, and then connected to 
the commutator. Incase a short circuit should occur in the 
field windings or in the armature, the alternating magnetic 
flux would cause an excessive current to flow through the 
short-circuited section and perhaps cause a burn-out. 


VOLTAGE RELATIONS 


18. The main field coil acts as a choke coil, and has 
generated in it a counter electromotive force of self-induc- 
tion. This introduces into the alternating-current motor a 
voltage that is not present in the direct-current motor and 
that increases the total voltage required to run the motor. 
As the field coil, armature, and compensating coil are in 
series, the voltages across the several sections of the winding 
may be considered as making different phase angles with the 
current flowing in series through the whole winding. In 
such a case, the total voltage would not be the numerical 
sum of the several voltages, as the difference in phase 
relation must be considered. 

The total voltage may be determined by the aid of a 
diagram similar to Fig. 6. When two forces acting in 
different directions are represented by the lengths and direc- 
tions of two connecting lines—the force in one line acting 
from its free end toward the junction of the two lines, and 
the force in the other line acting from the junction toward 
its free end—the value and direction of the resultant force 
are indicated by the length and the direction of the line con- 
necting the free ends of the two lines, the direction of the 
resultant force being taken as opposing the general direction 
of the forces in the two original lines, which constitute two 
sides of the triangle of forces thus formed. 

In Fig. 6 (a) is shown the motor circuit, and in (4), the 
voltage diagram. ‘The sketches are so lettered that line ad 


é 
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in (4) represents the voltage across the field coil aé in (a); 
line dc in (4), the voltage, under running conditions, across 
the armature and compensating coil dc in (a); and line ac, 
the resultant, in (4), the total voltage across the motor 
terminals ac in (a). 


14. The directions of the current and voltages are 
indicated by arrowheads. The value of the current ad, 
Fig. 6 (4), is laid off on the horizontal line through a. As 
the field coil has self-induction, the field-coil voltage aé is 
the resultant of two components—one component af neces- 

sary to overcome the counter electromotive force of self- 


Arredtrire Compensating 
a ld Coll b Col c 
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induction of the coil, this voltage being 90° out of phase 
from the current, and the other £4, or ae, necessary to force 
the current against the ohmic resistance of the coil and to 
make up for other electrical losses, this voltage being in 
phase with the current. It should be noted that fd is short 
in comparison with af; therefore, the angle of lag g between 
the resultant electromotive force a6, applied to the field coil, 
and the current will be nearly 90°. 

There is little self-induction in the combined armature and 
compensating coil, while the energy component, under 
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running conditions, of the applied voltage is large, since it 
represents, in addition to the loss in the armature and the 
compensating coil, due to the current flowing against their 
ohmic resistances, other electrical losses and the electrical 
energy transformed into mechanical work. The component 
of the applied voltage on bc, Fig. 6 (a), necessary to over- 
come self-induction is represented by the line 64, Fig. 6 (4), 
erected as a perpendicular at the end 6 of field-voltage 
line ad. The energy component is represented by /c, or 62, 
which is in phase with the current. The resultant, which 
represents the voltage applied to the combined armature 
and compensating coil, is 6c, and since the energy com- 
ponent is much the larger, the applied voltage will be nearly 
in phase with the current, as shown by the small angle of 
lag 7. The direction of the current is indicated by the 
line 67 parallel to ad. 

The resultant of a and dc, which is the running volt- 
age ac, is found by drawing a line from a to ¢, which are the 
free ends of the lines representing the electromotive forces 
applied to aé and to dc, Fig.6 (a). The direction of this volt- 
age is from a toc, Fig. 6 (6), as indicated by the arrowhead. 
Considering the triangle of forces adc, the general direction 
of the arrowheads on sides a@é and éc is clockwise, while 
the arrowhead on ac indicates a counter-clockwise direction. 
The angle of lag between the running voltage and the cur- 
rent is angle &. The running voltage is also the resultant 
of the total inductive component a/ = af+ 6h and the total 
energy component Jc = f6-++ ke. 


15. Suppose the motor to be starting and the terminal 
electromotive force to be reduced so that the current through 
the motor windings is the same as the running current. 
Since the current is the same, the lines representing the 
electromotive forces necessary to overcome the ohmic 
resistance and other losses of the field coil, to overcome the 
counter electromotive force of self-induction in the field coil, 
and to overcome the counter electromotive force of self- 
induction in the combined armature and compensating coil, 
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may remain practically unchanged. These lines are fb, af, 
and 6h, Fig. 6 (6). The energy component of the com- 
bined armature and compensating coil is now small, since 
the developed power at starting is inconsiderable. This 
component is made up of the voltage necessary to force the 
current through the ohmic resistance of the armature and 
compensating coil and to make up for the other electrical 
losses in these parts. At A, lay off hm equal to this energy 
component; the resultant 47 represents the voltage across dc, 
Fig. 6 (a), under starting conditions. The line a4, Fig. 6 (4), 
remains unchanged, as the current value is assumed to be 
the same as under running conditions. The starting voltage 
am is the resultant of a4 and 6m, and represents approxi- 
mately the electromotive force applied to the motor ter- 
minals when starting. 

The angle of lag & between the running voltage and the 
current is much less than the angle of lag 2 between the 
starting voltage and the current. Therefore, the current in 
the first case is more nearly in phase with the electromotive 
force, and the power factor under running conditions is 
much higher than under starting conditions. 

If the self-induction of the armature had not been 
neutralized by the action of the compensating coil, the 
power factor would have been lower under both starting 
and running conditions. At starting, the counter electro- 
motive force of self-induction of the field coil has a much 
greater effect on the total motor voltage than under running 
conditions, due to the inductive component not changing 
greatly, while a great change takes place in the energy 
component. With alternating current, the starting voltage 
is a larger proportion of the final running voltage than 
when direct current is used on the same motor and under 
similar conditions. 


16. The laminated field, the compensating winding, 
and the low voltage between commutator bars, which 
are necessary for operation on alternating current, make 
the performance of the motor on direct current excellent. 


186—33 
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Owing to the lack of inductive elements and to the elimina- 
tion of certain alternating-current losses, this type of motor 
will produce the same speed and output at a slightly lower 
voltage when operating with direct-current supply than 
when operating with alternating-current supply. 


MOTORS 


WESTINGHOUSE TYPE 132 MOTOR 


DESCRIPTION OF MOTOR 


17. In Fig. 7 is shown the exterior of a Westinghouse 
type 182, single-phase, alternating-current railway motor 
having a nominal rating of 100 horsepower. The laminated 
core on which the field windings are placed is built into 
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the cast-steel outer frame that holds the core in position. 
The end brackets are fitted on machined seats and sup- 
port the armature bearings. The frame is of the box 
type. The armature may be removed by taking off the 
pinion and the brackets. To give access to the brushes and 
brush holders, openings are provided in the frame, both 
above and below the commutator. 
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The laminated field core is so constructed as to form four 
projecting pole pieces, on which the four main field coils are 
placed. The faces of these pole pieces contain slots, in 
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which are placed the conductors constituting the compen- 


sating field winding, as shown in Fig. 8. The main field 
coils consist of a few turns of heavy copper strap, and are 
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mounted on the short, projecting pole pieces. The com- 


pensating, or neutralizing, coils, consisting of copper bars 


connected at the ends by copper straps so as to form a 
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continuous winding, are distributed in a number of slots in 
the pole pieces, in order to obtain a distribution similar to 
that of the armature conductors. 

The action of the current in the conductors of the com- 
pensating coils neutralizes the self-induction of the adjacent 
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armature conductors. As there is mutual induction between 
the compensating winding and the armature winding, the 
self-induction of the compensating coils is also reduced. 
The main field winding is thus the source of most of the 
electromotive force of self-induction of the motor winding. 
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Fig. 9 shows the armature for the type 132 motor. Resist- 
ance leads are used to connect the back end of the armature 
coils to the commutator bars, and thus prevent an excessive 
current from flowing in the coil short-circuited by a brush. 
The armature is parallel-wound and has four sets of brushes. 
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The main field coils, the armature, and the compensating 
field coils are connected in series. The motors are ordi- 
narily wound for a potential of 250 volts. The frequency 
of the alternating current is usually 25 cycles. 
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PERFORMANCE CURVES 


18. In Fig. 10 is shown a performance curve for a type 
132 Westinghouse motor operating on 225 volts, single-phase 
alternating current. Fig. 11 shows a performance curve for 
the same type of motor operating on 150 volts, direct current. 
Four motors are in series on a 600-volt, direct-current circuit, 
and the speed is comparatively low, being suitable for city 
traffic. In'order to use curves of this kind, proceed as fol- 
lows: It is desired to find the tractive effort, Fig. 10, when 
the motor is taking a current of 460 amperes. Each small 
space on the base line 0-800 represents 20 amperes; there- 
fore, the 460-ampere line is 460 + 20 = 23 lines from the 
point 0, or 8 lines to the right of the point 400. The 
460-ampere line cuts the tractive-effort curve at a point 
about 183 spaces above the base line. As each space equals 
100 pounds of tractive effort, as shown by the line of values 
on the right-hand margin, 18 spaces equal 1,850 pounds. 
With the same current flow, the speed in miles per hour 
is 20, as shown by the line of values of miles per hour. 
The brake horsepower is 100; the efficiency with gears, 
nearly 82 per cent.; and the power factor, .88. 

By: selecting a certain point on one curve, corresponding 
values on the other curves may be found by determining 
where a vertical line through the selected point cuts the 
other curves and then reading the values of these points by 
means of the data lines on the margins. For example, in 
Fig. 10, the point of highest efficiency is on the 360-ampere 
line; under these conditions the horsepower is 82, and the 
tractive effort about 1,200 pounds. 


LOCOMOTIVE TYPE MOTOR 
19. Powerful single-phase, alternating-current motors 
have been constructed by the Westinghouse Company for the 
electric locomotives used by the New York, New Haven, and 
Hartford Railroad Company. The motors are of the gear- 
less type, and are suitable for use on either a direct- or an 
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alternating-current system. In electrical design, the motors 
are of the same general type as those used for interurban 
service. There are four motors on each locomotive, one 
motor being connected to each pair of wheels. 

The armature, Fig. 12, is not placed directly on a shaft, 
but is built up on a hollow cylinder, or quill, through which 
the car axle passes. There is a clearance of about 2 inch 
between the axle and the inside of the quill. The motor 
frame rests on bearings located near the rear of the armature 
core and the front end of the commutator shell. At each 
end of the quill is a flange, from which project seven round, 
hollow pins, as shown. These pins fit into corresponding 


pockets in the hubs of the wheels, as shown in Fig. 13. 
Between bushings on the driving pins and bushings in the 
pockets are placed coiled springs that take up the vibrations 
of the truck. The spring wound: on the bushing of each 
driving pin is so constructed that it holds the pin nearly cen- 
tral in the recess. The end play of the motor is taken up by 
coiled springs within the hollow driving pins. These springs 
press against covers in the outer ends of the spring pocket 
in the wheels. Fig. 13 shows the relative positions of a 
motor and its driving wheels. 

The entire weight of the motor is normally carried on 
springs supported from a steel frame surrounding the motor 
and resting on journal-boxes on the truck frame. Each motor 
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has a normal rating of 250 horsepower and a continuous 
capacity of 200 horsepower, or a total of 800 horsepower 
per locomotive. The motors are wound for a normal full- 
load speed of about 225 revolutions per minute. The four 
motors are connected permanently in pairs, each pair being 
composed of two motors in series. 

An alternating-current voltage of about 450 volts, or a 
direct-current voltage of from 550 to 600 volts, is applied to 
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the terminals of the group of motors. In direct-current opera- 
tion, the pairs of motors are first connected in series, and then 
in parallel. In alternating-current operation, two electrically 
and mechanically distinct autotransformers—one for each 
pair of motors—are used. The secondary electromotive 


forces are impressed across the terminals of the pairs of 
motors. 
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GENERAL ELECTRIC GEHA-605-A MOTOR 


DESCRIPTION OF MOTOR 
20. In Fig. 14 is shown a type of single-phase, alter- 
nating-current motor manufactured by the General Electric 
Company. The motor is rated at 75 horsepower, and may 
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be operated on either alternating or direct current. The core 
on which the field windings are placed is laminated, and 
is held in position by the outer steel casting forming the 
structural frame of the motor. The housing and the inner 
laminated ring of the motor are shown in Fig. 15. The field 
windings are in two sections; namely, the exciting winding 
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mounted on short poles formed in the laminated core, and 
the compensating winding placed in slots in the pole faces. 
The field windings and the armature are connected in series. 

The armature has a series-drum winding similar to a 
direct-current winding, but as the current taken by the motor 
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is large, four sets of brush holders, each set containing four 
brushes, are provided. The motors are designed for an 
electromotive force across their terminals of about 250 volts. 


PERFORMANCE CURVES 

21. In Fig. 16 is shown a performance curve of a 
GEA-605-A motor operating on 250 volts, alternating cur- 
rent. Fig. 17 shows the performance curve of the same 
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type of motor operating on 250 volts, direct current. In 
these curves, the alternating-current voltage and the direct- 
current voltage are the same. When operating with alter- 
nating current, the highest net efficiency is 80 per cent., and 
when operating with direct current, 83.5 per cent. 
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THE AUTOTRANSFORMER- 


22. The voltage used on the trolley wire of single-phase 
roads has not been limited to a single standard value, as 
with direct current, but is usually 3,300, 6,600, or 11,000. 
The motors are generally wound for a voltage of from 225 to 
950, and the trolley voltage is reduced for use at the motors 
by means of an autotransformer, or a compensator, as it is 
also called, mounted on the car. 

The autotransformer has one coil only, a portion of it serv- 
ing the purpose of both a primary and a secondary winding. 
The coil is wound on a laminated-iron core, and taps are 
brought out at intervals, the primary and secondary circuits 
being connected to these taps. 


23. The connections of an autotransformer arranged for 
a high-voltage primary and a low-voltage secondary are 
shown in Fig. 18. Terminal a is connected to the high-ten- 
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sion trolley wire, and terminal 4 is connected to the ground. 
The secondary lines cé are connected across a section of the 
coil. The whole coil aé acts as a primary coil, and, in addi- 
tion, the section cd of the primary acts as a secondary coil. 

With a given primary electromotive force, the secondary 
electromotive force is directly proportional to the ratio of the 
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number of secondary turns to the number of primary turns. 

For example, if the primary electromotive force is 2,500 volts, 

the secondary turns 2, and the primary turns 20, the secondary 

electromotive force is 2,500 * #» = 250 volts. In an actual 

autotransformer for high voltage, the number of turns would 
be much greater than the number indicated in Fig. 18. 


24. A motor requiring 150 amperes at 250 volts is con- 
nected to the secondary lines. The electromotive force of the 
primary circuit being ten times that of the secondary circuit, 
the current in the primary circuit, neglecting the transforma-. 
tion losses, is approximately one-tenth of that in the second- 
ary circuit, or 15 amperes. The end a of the coil is assumed 
to be positive at a given instant. Point ¢ is at a higher 
potential than 6; therefore, current will flow from c, through 
the motor, and back to the coil at 6. The 150 amperes flow- 
ing from ¢ to the motor is made up of the 15-ampere pri- 
mary current flowing in from the line to terminal a and 
1385 amperes from the secondary coil that is forced to flow 
from 4° to c by the electromotive force generated in the 
secondary coil. -Not all of the motor current is a trans- 
formed current; part of it is primary current. The auto- 
transformer, therefore, for a given output, may be smaller 
than the ordinary two-coil transformer where the secondary 
current is entirely a transformed current. The current of 
150 amperes flowing from the motor divides at d, 135 amperes 
flowing to 6 and through the secondary coil from 6 to c, and 
15 amperes—the primary current—flowing from d to the 
ground. 

The current in the secondary coil is the difference between 
the current in the primary lines and that in the secondary 
lines. The current in section ac of the primary coil flows in 
a direction opposite to that in the secondary coil. The 
electromotive force applied to the secondary circuit may be 
varied by connecting the secondary terminals to different 
points on the primary winding. The portion of the coil that 
is used for a secondary is constructed of much larger wire 
than the rest of the coil, as it must carry, in the case of a 
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step-down autotransformer, a much larger current. If the 
autotransformer shown in Fig. 18 were to be used asa 
step-up transformer, the primary lines would have to be 
connected to cé and the secondary lines to ad. 


25. In Fig. 19 is shown an oil-insulated, self-cooling 
autotransformer for use in connection with single-phase, 
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alternating-current railway equipment. Fig. 20 illustrates 
the interior of the autotransformer. Ata@is shown a portion 
of the laminated shell core; at 4, the coils; and atc, the leads. 
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CAR CONTROL 


26. Speed control of the single-phase railway motor is 
obtained by varying the voltage at its terminals, the same as 
with direct-current motors. Where alternating current is 
used, however, this can be done much more easily and 
economically than with direct current. Instead of first 
connecting the motors in series and then in parallel and using 
a variable resistance in the circuit with each grouping, as is 
done with direct-current motors, it is merely necessary to 
connect the alternating-current motors to different steps on 
the autotransformer. This is accomplished in small equip- 
ments, where single-car operation only is desired, by means 
of drum-type controllers that are similar in general appear- 
ance to those used with direct-current motors. In large 
equipments, or where multiple-unit train operation is desired, 
essentially the same connections are made by means of unit 
switches operated by compressed air from the air-brake 
system and controlled by electromagnetic valves, or by 
means of électrically operated switches controlled directly 
from the master controller. The action of the magnet valves 
is regulated by a master controller, and current for operating 
them is supplied by a small 14-volt storage battery on the car. 

Whenever a car equipment consists of only two motors, 
they are permanently connected in parallel, so that in case 
of damage to either motor, it may be cut out of circuit with- 
out interfering with the operation of the other. Where the 
equipment consists of four motors, however, they are con- 
nected two in series, and these two groups are connected in 
parallel. In case of damage to one motor of a four-motor 
equipment, the pair of motors to which it belongs is cut out. 
This arrangement is used to reduce the cost of controllers, 
switches, wiring, etc., which, within the limits ordinarily 
used, depends on the current to be handled rather than on 
the voltage. Thus, the same controller or switch group is 
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used with a given size of motor, whether the equipment 
consists of two or four motors. 


27. On some roads it is necessary to operate on direct 
current as well as on alternating current. The direct-current 
operation is generally through cities or towns, where the 
speed is necessarily limited, while the alternating-current 
operation is in the open country, where a high speed is 
usually desirable. The single-phase motor will operate 
somewhat faster on direct current than it will on alternating 
current of the same voltage. If, therefore, two 250-volt, 
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alternating-current motors are geared for the proper alter- 
nating-current speed, are then operated in series from a 
500-volt, direct-current trolley system, the speed under these 
circumstances will usually be very much higher than is 
required. On this account, equipments for operation on 
both alternating and direct current are usually provided with 
four motors. These motors are operated two in series in the 
ordinary way on alternating current, but are connected all 
four in series on direct current. With this arrangement the 
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speed of a car with normal direct-current voltage on the 
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trolley is about two- 
thirds of that with 
normal alternating- 
current voltage. 
When operating on 
direct current, the 
motors are controlled 
in the ordinary way 
by means of a resist- 
ance in series with 
them. 


28. In connect- 
ing the motors to the 
autotransformer, use 
is ordinarily made of 
one or more prevent- 
Zve-reactance cotls, for 
dividing the current 
between two or more 
switches, or contacts. 
AMES, say IMs, ON, Sire 
taps and contacts, 
each of which is capa- 
ble of carrying 100 
amperes, will do the 
same work and pro- 
vide for the same 
number of running 
points that would re- 
quire five taps and 
contacts of double 
that size if the pre- 
ventive coil were not 
used. In Fig. 22, six- 
teen taps and con- 
tacts, each of which 
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is capable of carrying 100 amperes, will do the same work 
that would otherwise require thirteen contacts of four times 
this capacity. 

In addition to dividing the load among a number of small 
contacts, the use of the preventive-reactance coils serves 
also to prevent the necessity of opening the motor circuit 
when passing from one controller notch to the next, since in 
maaking this change only one lead is disconnected at a time. 
The two leads of a coil are so advanced that the former bot- 
tom lead becomes the upper lead as the coil is connected to 
the next higher-speed point. The reverse of this action takes 
place when the coil is connected to the next lower-speed 
point, as indicated in Figs. 21 and 22. 


29. For use in connection with drum-type controllers, a 
preventive resistance is connected in parallel with the pre- 
ventive-reactance coil, to reduce the sparking that may occur 
when breaking atap contact. This arrangement of resistance 
and reactance coils is shown in connection with the following 
explanation of the type 224 controller. Each half of the pre- 
ventive-reactance coil is bridged by one-half of the resistance. 
When one of the tap contacts is broken, the current suddenly 
decreases in one-half of the reactance coil. This would set 
up a high electromotive force of self-induction, and might 
cause sparking at the contact, if it were not for the portion 
of the resistance through which the reactance coil may dis- 
charge and thus allow the current and the magnetic field to 
decrease in strength slowly. In general, the action of this 
resistance is the same as that of the field discharge resistance 
ordinarily used in opening the field circuit of generators. 
The preventive resistance is so proportioned that there is 
very little loss in it, and in order to simplify the controller 
connections, it is left in circuit all of the time, except on the 
last notch, where it can be cut out without adding complica- 
tion. On account of the greater breaking capacity of unit 
switches, this resistance is not required where they are 
employed. 
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TYPE 224 WESTINGHOUSE CONTROLLER 


DESCRIPTION OF CONTROLLER 


30. In Fig. 23 is shown a type 224 Westinghouse 
controller suitable for hand operation with two or four 50- 
horsepower, single- 
phase, alternating- 
current motors. In 
general appearance 
this controller is simi- 
lar to a controller for 
direct-current opera- 
tion. It contains a 
main power drum for 
connecting the vari- 
ous autotransformer 
taps to the motor 
circuit, and a reverse drum for reversing the direction of 
rotation of the motor armatures. Fig. 24 shows the pre- 


SS _ = 
¢) ° 


ventive-reactance coil, and Fig. 25, the preventive resistance, 
used in connection with the type 224 controller. 
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CONTROLLER-WIRING DIAGRAM 


81. In Fig. 26 is shown an autotransformer with six 
secondary taps and the wiring diagram of a type 224 hand 
controller arranged for connecting the several autotrans- 
former taps to the motor circuit. The taps provide effective 
electromotive forces of 160, 190, 220, 250, 280, and 310 volts. 
The electromotive forces impressed on the motor terminals 
differ slightly from these values, due to the action of the 
preventive coils. 

The motor circuits receive current from the middle points 
of the preventive-reactance coil and the preventive resistance, 


To Fuse 


nitive Peslstarce 


SO Preverttive-Reachaticé 


=Cround S\Ground-= 
Fic. 26 
across which an electromotive force of 30 volts is impressed. 
The connections of the autotransformer, the preventive resist- 
ance, the preventive-reactance coil, the reverse drum, and 
the motors are shown diagrammatically in Fig. 27 for the 
five running notches. When the controller, Fig. 26, is on 
the first notch, as indicated by the dotted line under 7, near 
the top of the controller, fingers R, and C, are connected 
with Z, (the 190-volt tap), and fingers C, and #, are con- 
nected with Z, (the 160-volt tap). As &, and #, are the 
terminals of the preventive resistance, and C, and C, are the 
terminals of the preventive-reactance coil, the electromo- 
tive force impressed on the coils is 190 volts — 160 volts 
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= 380 volts, and the electromotive force at the middle points e 
and eé’ of the coils is 15 volts higher than the lower value and 
15 volts lower than the higher value, or 175 volts. The 
electromotive force of 30 volts forces currents through the 
resistance and the reactance coil independent of the opera- 
tion of the motors. The directions of these currents are 
from the tap that is at a given instant of a higher potential 
to the tap that, at the same instant, is of a lower potential. 
The current therefore alternates through the coils. 


32. First Notch.—lIf, in Fig. 26, the trolley wire is 
positive at a certain instant and the controller is on notch 7, 
Z, is at a higher potential than Z,, and the electromotive 
force of 30 volts tends to send currents through the prevent- 
ive coils in the directions indicated by the dotted arrows. 
If the motor circuit is also active, the currents from Z, and ZL, 
flow to e and é’ through the coils in the direction indicated by 
the full-line arrows. The motor currents in each half of a 
coil are in opposite directions and of nearly equal value. 
The currents join and flow to the motor circuit at the middle 
point of the coils. Where the normal exciting current of a 
coil and the motor current oppose each other, the motor 
current predominates and determines the direction of flow. 
At the particular instant under discussion, motor currents 
flow from the 190-volt tap Z. to e and e’, and from the 
160-volt tap Z, to e and e’, there being an electromotive force 
of approximately 175 volts impressed on the motor circuit. 


83. Second Notch.—When the controller is passing 
from the first to the second notch, finger Z, drops contact 
with its drum segment, while finger Z, still remains in con- 
tact with its drum segment. Current then flows through the 
upper portions only of the preventive coils and to the motor 
circuit from the 190-volt tap. The intermediate positions of 
the fingers are indicated by the dots under the letters a, 6, ¢, 
and d. On the second notch, &, and C, are connected with Z, 
(the 220-volt tap), and #, and C, are still connected with Z, 
(the 190-volt tap). The impressed electromotive force on 
the motor circuit is now 205 volts. 
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- At the intermediate position 4, 2, remains in contact with 
its drum segment, but Z. drops contact with its segment. 
Therefore, current flows from the 220-volt tap only. 


34, Third Notch.—On notch 3, taps Z, and Z, are 
active, and the electromotive force impressed on the motor 
circuit is 235 volts. -At the intermediate position ¢, LZ, 
remains in contact with its drum segment, but Z. drops 
contact with its segment. Current now flows from the 
250-volt tap only. 


35. Fourth Notch.—On notch 4, taps Z, and Z, are in 
service, and the electromotive force impressed on the motor 
circuit is 265 volts. 

As RF, and &, drop contacts with their drum segments at 
intermediate. position d, the preventive resistance is cut out 
of circuit. Tap ZL, and the lower half of the reactance coil 
are alone active at this point, and current now flows from 
the 280-volt tap to the motors. 


386. Fifth Notch.—At the final notch 5, taps Z. and Z, 
are active, and both sections of the reactance coil carry 
currents to e’ and to the motor circuit. The final electro- 
motive force impressed on the motor circuit is 295 volts. 

In Fig. 27 is indicated the voltage of the taps and the 
motor circuit for the five controller notches. All of these 
notches may be used efficiently for running, if so desired. 


TYPH 224 CONTROLLER CAR-WIRING DIAGRAM 


o7. In Fig. 28 is shown a car-wiring diagram for two 
Westinghouse type 224 controllers suitable for the operation 
of two or four type 108, single-phase, 50-horsepower motors. 
The operation of the main controller drum has just been 
explained. The wire from the middle of the preventive coils 
leads to a car wire that connects to two fingers marked 1/7 on 
the reverse drum of each controller. The two motors are 
permanently: connected in parallel. The upper half of the 
reverse drum controls motor No. 7, and the lower half 
controls motor No. 2. 
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Resistances R, to R, and the upper portion of the direct- 
current drum are used in connection with motors Nos. 1 
and 2. Resistances A, to A; and the lower portion of the 
direct-current drum are used in connection with motors 
Nos. 3 and 4 The two alternating-current drums are 
geared together, so that while one is turning in one direc- 
tion the other is moving in the opposite direction. The 
left-hand drum controls motors Nos. 7 and 2, and the right- 
hand drum controls motors Nos. 3 and 4. The car wires 
are marked by letters and subscripts. When direct current 
is to be used, one of the direct-current trolleys is placed on 
the wire and the emergency switch is thrown to its direct- 
current position. When alternating current is to be used, 
the alternating-current pantagraph trolley is placed on the 
wire, and the direct-current trolley is hauled down. 


DIRECT-CURRENT CONTROL 


39. The emergency switch, Fig. 29, is thrown to its 
direct-current position, and the left-hand segments of the 
No. 7 reverse switch are assumed to be in connection with 
the reverse-switch fingers. 

On the first point of the direct-current drum, current 
takes the following path: J.-C. trolley-emergency switch 
-fuse-7—7—T finger of the D.-C. drum-—&.-O. coil—D finger— 
drum segment—A,-A,—-A,-resistances between A, and AR, 
-R,-M, cut-out switch-JZ, reverse switch-7,— —7,+ —F7+ 
-through field of No. 2 motor-F——F— -through field of 
No. 1 motor—/+ —/,—canopy switch—7,+ —7A,+ -A,+ -4.4+ 
-A,+—A-+-=through armature of No. 2 motor—A——A+ 
through armature ‘of No. 2°motor4=—=45+— <4. — = 
-finger 4,—-J.-C. drum segment—R.-R,-resistances—Ri. 
—-R,.-Ri-Ri-M_-M,_-F,, — —-F,+ -F.+ —F+ -through field of 
No. 4 motor-/— —/— -through field of No. 3 motor—F+ 
=f, + —A-eanopy switch-7, + —A+ Fi 4,4 A A 
-4 + —through armature of No. 8 motor-4— —4+-through 
armature of No. 4 motor—4—-G on motor frame. The 
four motors and all of the resistance sections are in series. 
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When the reverse drum is thrown from one position to 
the other, the field terminals are interchanged, while the 
armature terminals remain unchanged; this reverses the 
direction of rotation of the motors. The armatures and 
the neutralizing windings in series with them are grounded 
on the frames of the motors. 

If four motors are to be used, motors Nos. 7 and 2 are 
connected permanently in series, as indicated by the small 
sketch on the left in Fig. 28, and are considered as one unit, 
so far as the controller connections are concerned. Motors 
Nos. 3 and 4 are also connected in series, as shown by the 
sketch on the right in Fig. 28, and considered as one unit. 
The two pair of motors thus formed are connected in 
multiple. 


TYPE 455 CONTROLLER CAR-WIRING DIAGRAM 


08. In Fig. 29 is shown a car-wiring diagram for two 
Westinghouse type 455 hand controllers that are designed 
for controlling a four-motor equipment of four 50-horse- 
power motors on either an alternating- or a direct-current 
system. When operating on alternating current, the panta- 
graph trolley is ordinarily used. ‘This is controlled by means 
of an air valve in the motorman’s compartment. When 
operating on direct current, either one of the wheel trolleys 
is used, according to the direction in which the car is run- 
ning. The wheel trolleys are mounted on insulated bases, 
and an oil-insulated emergency switch is connected so that, 
in case of accident to the pantagraph trolley, throwing this 
emergency switch to the alternating-current position will 
permit either wheel trolley to be used on alternating current, 
and will thus enable the car to be brought back to the barn. 

A canopy switch is used on each end of the car to enable 
power to be cut off in case the controller, for any reason, 
should stick on the on-position. Under such circumstances, 
opening the canopy switch will cut off power from the car 
and thus enable it to be stopped. 

Each controller contains a direct-current drum, two alter- 
nating-current drums, a reverse switch, and cut-out switches. 
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Resistances R, to RX, and the upper portion of the direct- 
current drum are used in connection with motors Nos. 1 
and 2. Resistances A, to A; and the lower portion of the 
direct-current drum are used in connection with motors 
Nos. 3 and 4 The two alternating-current drums are 
geared together, so that while one is turning in one direc- 
tion the other is moving in the opposite direction. The 
left-hand drum controls motors Nos. 7 and 2, and the right- 
hand drum controls motors Nos. 3 and 4. The car wires 
are marked by letters and subscripts. When direct current 
is to be used, one of the direct-current trolleys is placed on 
the wire and the emergency switch is thrown to its direct- 
current position. When alternating current is to be used, 
the alternating-current pantagraph trolley is placed on the 
wire, and the direct-current trolley is hauled down. 


DIRECT-CURRENT CONTROL 


39. The emergency switch, Fig. 29, is thrown to its 
direct-current position, and the left-hand segments of the 
No. 7 reverse switch are assumed to be in connection with 
the reverse-switch fingers. 

On the first point of the direct-current drum, current 
takes the following path: J.-C. trolley-emergency switch 
-fuse—-7—7—T finger of the D.-C. drum—&.-O. coil—-D finger- 
drum segment—A,-A,—-A,-resistances between A, and AR, 
-R,-M, cut-out switch-JZ, reverse switch-7,— —F,+ —F+ 
—through field of No. 2 motor-f#— —/— -through field of 
No. 7 motor—/+ —/,-—canopy switch-7,+ —7,+ —-7,4+ -4,4+ 
-A,+—Ad-+-through armature of No. 7 moteor-—A——A+ 
-through armature ‘of No. 2. motor=4——4i= —4,— =A 
-finger 4,—-JD.-C. drum segment—R.—R.-resistances—Rio 
Ry -Riv-Riv-M_-M.-F, — -F,+ —F,4+ —F+ -through field of 
No. 4 motor-7/— —/— -through field of No. 3 motor—F7+ 
—-f,+ -F,—canopy switch-7,+ —F,+ —F,+ —4,4+ —4,4+ -A,+ 
-A + —through armature of No. 8 motor—4 ——4—- —through 
armature of No. 4 motor—4—-G on motor frame. The 
four motors and all of the resistance sections are in series. 
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40. The connections of the motors on the first point, as 
well as on the four following points, are shown diagram- 
matically in Fig. 80. On the second point, Fig. 29, the 
sections of resistance between A, and 2, and A, and RX, are 
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cut out. On the third point, two more sections are cut out. 
On the fourth point, two sections are cut out. On the fifth 
point, the last two sections are cut out and the blow-out coil 
is short-circuited, thus leaving the four motors in series 


across the line. 


42 SINGLE-PHASE RAILWAY SYSTEM $51 


ALTERNATING-CURRENT CONTROL 


41. The pantagraph trolley, Fig. 29, is placed in opera- 
tion, and the direct-current trolley is hauled down. The 
reverse switch is assumed to be in the same position as 
before, and the two alternating-current drums on controller 
No. 7 are operated. Current flows from the trolley wire 
through the alternating-current fuse and autotransformer to 
the ground. The lowest voltage tap is Zi, the next 
higher 7,, and the highest 73. 


42. On the first point, the current flows from tap 7, 
to 7,, and to junction 7, under the alternating-current 
drums. Part of the current flows to finger 7, of the right- 
hand drum, and part to finger 7, of the left-hand drum. 
Considering the left-hand drum, the path of the current is 
as follows: Finger 7\-R.R-R.-—-M—F.— —F.+ —-F+ 
—f}— —f}——F+ —F-canopy switch—-/, + —7,+ —7,+ —-4,+ -A, 
+ -44 -A—-A+ -A— —-A,— —A,— —A.— —-A.— finger on 
A.-C. drum-top drum segment to ground. Motors Nos. 1 
and 2 are in series between tap 7, and the ground. 

By the action of the right-hand drum, motors Nos. 3 and 4, 
which are permanently in series, are connected between 
tap 7, and the ground. The two sets of motors are in 
parallel. This is shown diagrammatically in Fig. 31 at the 
first alternating-current point. 

When moving to the first intermediate position, 
finger 7,, Fig. 29, does not leave contact with its drum 
segment until the lower finger 7,, which is connected to 
tap 7:, makes contact with its drum segment. At this 
intermediate position, on either of the two drums, a section 
of resistance is shunted between fingers 7, and 7;, and 
immediately afterwards finger 7, loses its contact and the 
resistance is left in series with tap 7;. Suppose that 
finger 7, on the left-hand drum is touching the top of 
segment 7, and that the lower finger 7, is touching the 
top of segment 2; there is then a path from the higher 
voltage finger 7, to finger 7, as follows: Lower finger 7.- 


ALTERNATING-CURRENT CONTROL 
Trolley rx LST OMN TS B® INTERMEDIATE POSITION 
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drum segment 2-2,-2,-2k.-R.-R,-one resistance section 
_R,-R,-R,-F,-finger R,-drum segment i-finger 7,. The 
section of resistance between A, and &, acts as a shunt on 
one drum, and the section of resistance between #, and &,, 
serves the same purpose on the other drum. The two 
sections of resistances are thus in parallel. between taps 7, 
and 7Z., as indicated at the first intermediate position, 
Page, Gall. 


48. When the drums, Fig. 29, are turned to the second 
point, fingers 7, lose contact with segments 7, and a resist- 
ance section is left in series with each set of motors, as 
shown in Fig. 31 at the second point. 

On the second intermediate position, finger 7., Fig. 29, 
makes contact with segment 7. Current can now flow from 
T.-segment 1-Rk,-R.-Rk.-M,-M,-F.-F.+ and through motors 
Nose 2 and=2. “Upper finger 7. touches, sesments/. anc 
lower finger 7, touches segment 2, thus short-circuiting the 
resistance section between A, and #,, as shown at the 
second intermediate position, Fig. 31. Similar action takes 
place on the other alternating-current drum. 


44, On the third point, lower finger 7,, Fig. 29, drops 
contact with segment 2, and upper finger 7, remains in con- 
tact with segment 7. The two sets of motors are connected 
between tap 7, and the ground, as shown in Fig. 81, third 
point. 

When the third intermediate position is reached, 
lower finger 7;, Fig. 29, touches segment 3, ,and upper 
finger 7, touches segment 7. Taps 7, and 7, are shunted 
by one resistance section on each drum. The resistance 
section between A, and RA, is connected between lower 
finger 7, and upper finger 7,, on the left-hand: drum, and 
the resistance section between A, and A#,, is connected 
between the corresponding fingers on the right-hand drum. 
On this position, finger 7, is in contact through segment 3 
with A,, and finger 7, is in contact through segment 1 
with #,. The motor connections are shown at the third 
intermediate position, Fig. 31. 
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45. On the fourth point, fingers 7,and A,, Figs 29; 
drop contact with segment 7. A resistance section is left in 
series with each set of motors, as shown in Fig. 31, fourth 
point. 

When the fourth intermediate position is reached, 
finger &,, Fig. 29, makes contact with segment 3, and as 
fingers &, and A, are now in contact with the same segment, 
the resistance section connected to each drum is  short- 
circuited. The motor connections are shown at the fourth 
intermediate position, Fig. 31. 


46. On the fifth point, Fig. 29, the conditions are the 
same as on the fourth intermediate position. The resist- 
ances are short-circuited, and the sets of motors are con- 
nected in parallel between the high-voltage tap 7; and the 
ground. 


47. The pump motor for operating on either alternating 
current or direct current is arranged so that it operates with 
all the field coils in series on direct current, and all in 
parallel on alternating current. A change-over switch is 
used for varying these connections. The same switch also 
connects the lighting circuit to the transformer when the ear 
is on alternating current; or, to the wheel trolley when it is 
on direct current. When the car is on direct current, the 
change-over switch is thrown so that the direct-current seg- 
ments are in contact with the fingers. On alternating-current 
operation, the alternating-current segments are in contact 


with the fingers. 


48. The small sketch at the left in Fig. 29, shows 
diagrammatically the contacts that are necessary for the 
operation of the controller. The order in which the con- 
tacts are opened and closed on the different controller points 
is indicated by the tabular arrangement of sequence of 


contacts. 
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WESTINGHOUSE UNIT-SWITCH, ALTERNATING- 
CURRENT CONTROL 


TYPE 334-A CONTROLLER 


49. The controlling apparatus used with the Westing- 
house unit-switch, alternating-current control system is, in 
general, similar to that employed in the Westinghouse unit- 
switch control systems arranged for direct-current motors. 
A small storage battery furnishes the direct current for the 
control circuits in both systems. 

In Fig. 82 is shown a type 334-A master controller, and 


Fie. 32 


in Fig. 33, a car-wiring diagram for a type 255-F switch 
group and two 100-horsepower motors. For a four-motor 
equipment of the same size of motors, operating on a 
3,800-volt circuit, the connections would be essentially the 
same. In ‘the latter case, however, the motors would 
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be connected two in series. With a four-motor equipment 
of such motors, on a 6,600-volt circuit, a circuit-breaker 
- would be used in the high-tension circuit instead of a fuse. 


TYPE A.-C. UNIT-SWITCH CONTROL, CAR-WIRING 
DIAGRAM 

50. Operation of the Trolley.—The pantagraph type 
of trolley is indicated in Fig. 83. This device will be 
described in more detail later. The trolley is raised into 
contact with the trolley wire by springs and is lowered by 
air pressure, both movements being controlled by magnets 
and air valves. The storage-battery switch is closed, so 
that either one battery or the other is connected to the con- 
trol circuit. To raise the trolley, insert the plug shown in 
Fig. 32 into the reset receptacle on controller No. 7, Fig. 33, 
thus joining contacts 8+ and 6. Starting from the positive 
battery terminal 8+, the current path is as follows: A+ - 
knife switch-B+ —B+ —-B+ -B8+-B+-A+-B8+-84+-B+- 
&+-plug in reset receptacle-6—6—6—6-6-6—-6-6-6—6—right- 
hand control magnet under the pantagraph trolley—91-91—91— 
91—91-91-interlock A, of switch 17 on switch group—935—93- 
93—93—interlock A, of switch 9-&— — B— -negative battery 
wire, back to the negative terminal of the battery. The 
right-hand trolley control magnet is energized, admitting air 
to the trolley unlock cylinder; this releases the latch that 
holds the trolley in its lower position and allows powerful 
springs to raise the trolley into its active position. 

To lower the trolley, the controller plug, which has two 
metal portions insulated from each other, is inserted into the 
cut-out receptacle, thus connecting together the upper cut-out 
receptacle contacts B+, 8 A, and 10:4, and also the lower cut- 
out receptacle contacts 3 and 3A. The right-hand button, 
shown near the base of the controller in Fig. 382 and indi- 
cated in Fig. 33, is then pressed. The button temporarily 
raises the trolley segments so that fingers 10 4 and 0 are con- 
nected. Starting from the upper cut-out receptacle con- 
tact B+ on the controller, the path is: 4+ —plug—contact 
10 A-finger 10 A-trolley segment-finger 0-wire 0, through 


186—35 
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junction boxes to the left-hand control, or valve, magnet 
under the pantagraph trolley-wire B—, to negative terminal 
of the battery. The control magnet admits air to the trolley 
and forces it to its lower position, where it is locked. 

All of the trolleys on the train may be operated from any 
one of the master controllers through the interconnecting 
control wires on the cars. 


51. First Notch.—When the No. 1 controller, Fig. 33, is 
to be operated, the controller plug is inserted into the cut-out 
receptacle. Since the button on the controller base is not 
pressed,. the trolley control circuit is inactive. One of the 
metal portions of the plug connects receptacle contacts 3 and 
8A. In order to obtain forward movement of the car, the 
controller handle is moved toward the right. On the first 
forward notch, drum finger 8+ is connected through one of 
the drum segments, all of which are electrically connected, to 
finger 7. The path is: finger 8+ -finger 1-junction boxes 
Nos. 7 and 2-reverser 1—F,—R,-90—90—90-—90—90—90-90—A A .— 
92-92-A A,-B—. The reverser is thrown to forward posi- 
tion, and reverser fingers 7 and # are connected by the 
lower reverser segment. Current now flows through 1—R- 
k-R-switch group R-R-R-R-magnet coils 9, 10, 11, and 12 
in parallel. This operates main switches 9, 10, 11, and 12, 
and opens their interlocks 4,, 4 A,, A,, and A A,. 

At the same time, drum finger 8+ is connected to fin- 
ger3 A. Current flows through finger 3 4-contact 3 A-plug— 
contact 3-wire 3, through junction boxes Nos. 7 and 2- 
switch group 3-3-3-interlock A—3-magnet coil 1-common 
battery wire 8—. Main switch Z and its interlock V are 
closed. Autotransformer tap 7 is connected to end 7 of the 
right-hand preventive coil. 

Since the interlocks under switches 117, 9, and 7 are closed, 
current can flow from wire #, under the’ interlock of 
switch 71, to interlock 4,—13—13—13—14—14-14-14—14—14-inter- 
lock V—15-15-15-—magnet coil 2-B—. Main switch 2 is now 
closed, connecting autotransformer tap 2 to end 2 of the 
left-hand preventive coil. 
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Since the interlock under main switch 2 is now closed, 
current can flow from junction 74 under this interlock to inter- 
lock U-17-17-17-17-17-magnet coil 3-B—. Main switch 3 
is closed, connecting tap 3 to end 3 of the right-hand pre- 
ventive coil. 

Since interlock UY under main switch 3 is now closed, cur- 
rent can flow from junction 74, under this interlock, to 19-19 
—19-19-19-magnet coil4-8—. Main switch 4 is closed, con- 
necting tap 4 to end 4 of the left-hand preventive coil. 

Main switches 7, 2, 3, 4, 9, 10, 11, and 12 and their inter- 
locks are closed on the first notch, as indicated in the table 
of sequence of switches. 


52. Second Notch.—On the second notch, finger 34, 
Fig. 33, drops contact, and finger 4 makes contact with the 
drum. Opening the circuit of finger 3A opens main switch 7, 
its tap circuit, and its interlock V. From drum finger 4, 
current flows through wire 4—4,—16-16-16-interlock OU-15 
—magnet coil 2. Switch 2 is held closed, although its con- 
trol path through interlock Vis broken. From junction 14, 
under interlock VY, current can now flow to interlock V 
(open)—21—21—21-21-interlock U (closed)—22—22-22-29-22- 
magnet coil 5-4—. Main switch 5 and its interlock are 
closed, and tap 5 is connected to end 5 of the right-hand 
preventive coil. The manner of advancing the tap connec- 
tions is similar to that indicated in Fig. 22. Switches 2, 3, 
4,5,9, 10, 11, and 12, Fig. 33, are active on the second notch. 


53. Third Notch.—Drum finger 4, Fig. 33, drops con- 
tact, and finger 5 makes contact. Wire circuit 4 is broken; 
thus, magnet 2 opens main switch 2 and its interlock U. 
Current from drum finger 5 now flows through interlock A, of 
switch 7—18-18-interlock U of switch 3 (closed)—17-—17-mag- 
net coil 3-B—. Switch 3 is held closed, although its control 
path through interlock U/ of switch 2 is open. Current from 
junction 14, under interlock UV of switch 2 can flow to inter- 
lock U-23-23-23-23-interlock K (closed)—24—-24—-24—mag- 
net coil 6é—B—. Main switch 6 and its interlock are closed. 
Tap 6 is connected to end 6 of the left-hand preventive coil. 
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Switches 3, 4, 5, 6, 9, 10, 11, and 12 are active on the third 
notch. 


54. Fourth Notch.—Drum finger 5, Fig. 33, drops 
contact, and finger 6 makes contact. Wire circuit 5 is 
broken; thus, magnet 3 opens main switch 3 and its inter- 
lock U. From drum finger 6, current now flows through 
interlock A A, of switch 8—20-20-interlock U (closed)—19-19 
—magnet coil 4B—. Switch 4 is held closed, although its 
control path through interlock U of switch 3 is open. Cur- 
rent from junction 74 can now flow through interlock U of 
switch 3-25-25-25-25-interlock A, of switch 6 (closed)— 
26-26 magnet coil 7-B—. Main switch 7 and its interlock 
are closed. Tap 7 is connected to end 7 of the right-hand 
preventive coil. Switches 4, 5, 6, 7, 9, 10, 11, and 12 are 
active on the fourth notch. 


55. Fifth Notch.—Drum finger 6, Fig. 33, drops con- 
tact, and finger 7 makes contact. Wire circuit 6 is broken; 
thus, magnet 4 opens main switch # and its interlock. 
Current cannot flow from drum finger 7, since controller 
terminal 7 is not connected to any car wire. Interlock U of 
switch 4 is open, so that current can now flow from junction 14 
under interlock V of switch 1—21—21—21—21-interlock U—27-— 
27-27-27-interlock A, of switch 7 (closed)—28—28—28-—28-— 
magnet coil S-B—. Main switch 8 and its interlock are 
closed. Tap 8 is connected to end 8 of the left-end pre- 
ventive coil. Switches 5, 6, 7, 8, 9, 10, 11, and 72 are 
active on the fifth notch. 


56. Five distinct voltages are impressed on the motor 
circuit by the action of the controller, and thus five efficient 
running notches are provided. From point C, Fig. 33, on the 
wire leading from the center of the upper preventive coil, cur- 
rent flows through the windings of the two motors, which are 
connected in parallel. With some motors, shunts across the 
field coils are used, but with other motors, they are omitted. 


57. Fifth Reverse Noteh.—To reverse the direction 
of movement of the car, the controller handle is thrown to 


§ 51 SINGLE-PHASE RAILWAY SYSTEM 51 


the left. On the first reverse notch, Fig. 33, drum fingers 
4+ and 2 are active. Current flows from drum finger 2 
through junction boxes Nos. 1 and 2-reverser 2-2-2-R,, now 
connected to 2, as the reverser control segments are now 
assumed to be at forward position—#, operating coil-90-90- 
switch group 90-—90—90-interlock A A, of switch 12-92-92- 
interlock A A, of switch 10-B—-B—. The reverser opera- 
ting coil A, forces the reverser contact segments to reverse 
position. Reverser finger 2, drops contact with its segment, 
thus breaking connection between it and finger 2. At the 
same time finger R makes contact with the same segment. 
Current flows from reverser finger 2 to finger R-R-wire R- 
switch group R-R-R-R— -magnet coils 9, 10, 11, and 12, in 
parallel, thus operating the main switches 9, 10, 11, and 712. 

The action of the other control magnets and main switches 
is the same on the reverse notches as on the forward notches. 
The main field-coil connections of the motor are reversed; 
therefore, the rotation of the motors is reversed. 

Assuming the reverser to be in its reverse position, as 
indicated by the position of the reverser control segments in 
Fig. 33, and the controller to be on the first forward notch, 
current from drum finger 7 flows to reverser finger 7— 
finger R,-operating coil A,-90-through interlocks of open 
switches 72 and 10-B—. The operating coil FR, forces the 
reverser segments into their forward position, and the motors 
are then connected for forward rotation. 


WESTINGHOUSE UNIT-SWITCH, ALTERNATING- 
CURRENT AND DIRECT-CURRENT 
CONTROL, SCHEDULE T 


58. The connections of the motors and main switches 
for the unit-switch, alternating- and direct-current control 
system, schedule T, for four motors of a capacity above 
75 horsepower and including 100 horsepower, each, are 
shown in Fig. 34. When alternating-current control is 
used, switches Nos. 9, 10, and 12 are closed, thus con- 
necting the pairs of motors in parallel. The action of the 
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other alternating-current switches is similar to that described 
in connection with Fig. 33. On the first direct-current step, 
Fig. 34, switches Nos. 9, 11, and 301/ are closed. The four 
motors are then connected in series, with all the resistance 
in circuit. A resistance section is cut out on each of the 
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succeeding steps, so that on the fifth step, only the four 
motors are in series across the line. 

A change-over switch is provided. This switch is operated 
by two relays, so that when alternating current is used, the 
alternating-current relay operates to move the switch into its 
alternating-current position. When direct current is used, 
the direct-current relay operates to move the switch into its 
direct-current pesition. All of the circuits from the master 
controllers to the various switches pass through the change- 
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over switch. In exactly the same way, the movement of the 
master controller operates the proper switches for direct- or 
alternating-current operation, according to which current is 
in use, and the position of the change-over switch. 


WESTINGHOUSE UNIT-SWITCH, ALTERNATING- 
CURRENT AND DIRECT-CURRENT 
CONTROL, SCHEDULE T-1 

59. Fig. 35 shows an alternating- and direct-current car- 
wiring diagram for types 255-H and 251-J switch groups, 
schedule T-1, with four motors. The change-over switch is 
operated for direct current as follows: Insert the plug into 
the controller cut-out of the left-hand controller. Contact 
&+ is connected to contact 8A, and current flows to 8 4- 
stud 117—wire 8-contact point 8 on 4.-C. relay (lower posi- 
tion)-87 on D.-C. relay (upper position, as relay is now 
active)-81-—D.-C. operating coil of change-over switch—83- 
change-over switch segment, if switch has been left at 4.-C. 
position-#—. The switch is pulled to the direct-current 
position. If alternating current is to be used, wire 8 connects 
to upper point 8 on the alternating-current relay (now active) 
and current flows across the disk contact to 82 (lower posi- 
tion of D.-C. relay)—82-A.-C. operating coil of change-over 
switch-S84-B—. If the switch is in direct-current position, it 
is pulled into alternating-current position. ; 


60. Direct-Current Operation.—When the controller 
is thrown to the first notch, finger 3 A is active, and current 
flows through the plug to contact 3 of the V.-C. line-switch 
cut-out—wire 3—finger 30 on the change-over switch-—interlock 
of Y.-C. line switch-33-line-switch operating coil-34-B—. 
The line switch is thus closed. 

Finger 7 is the forward reverser finger. When this finger 
is active, the reverser is thrown to forward position. Wire R 
at the reverse is now active, and the operating coil of switch 9 
takes current from this wire. Switch 9 closes. Finger 71 
on the change-over switch is energized from finger #, and 
current flows through 11-110-111-112-operating coil of 
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switch 71. Switch 71 closes. The four motors are in series, 
with all the resistance sections in circuit. 

Further movement of the controller energizes fingers 4, 5, 6, 
and 7 and cuts out the four resistance sections. The four motors 
are now in series, with all the resistance sections cut out. 


61. Alternating-Current Operation.—The alterna- 
ting-current line switch is closed by current that flows from 
B+ through cut-out contact 10 4 (plug in A.-C. line-switch 
cut-out)-finger 10—wire 10-operating coil of the 4.-C. line 
switch-B—. The pantagraph trolley is raised after the plug 
is inserted in the alternating-current, line-switch cut-out by 
pressing the left-hand button at the base of the controller. 
Stud 8 and wire 0 are now active, and current flows through 
the operating coil of the trolley lock. The latch on the trolley 
is released, and the trolley is forced upwards by its springs. 

As soon as the trolley touches the trolley wire, current 
flows through the alternating-current relay from autotrans- 
former tap 4. Contact is broken between lower points 8 
and 80. Therefore, when the left-hand button on the base 
of the controller is released and finger 8 A is connected to 
stud 77 and wire 8, no current can flow between points 8 and 
80 and through the trolley-down magnet because of the break 
in the circuit at the alternating-current relay. If the trolley 
is to be lowered, the right-hand button is pushed, thus 
breaking wire circuit 10 and opening the alternating-current, 
3804-C line switch. The alternating-current relay contact 
plate drops and completes wire circuit 8 through the trolley- 
down magnet. Air under pressure is forced into the main 
cylinder of the pantagraph, and the trolley is lowered and 
automatically latched. If the trolley is to remain down, the 
plug may be drawn out of the alternating-current, line-switch 
cut-out. For alternating-current control, the plug is inserted 
in the alternating-current, line-switch cut-out, and the change- 
over switch is then forced to its alternating-current position 
as previously explained. 


62. On the first notch, either finger 7 or 2 is active, 
depending on whether the controller is thrown to forward or 
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to reverse position. Wire # is energized (which also 
energizes wires 14 and 13 at the alternating-current position 
of the change-over switch) and switches 9, 10, and 12 are 
closed. Switch 7 is closed by current through finger B + — 
finger 3.4 — wire 3-4.-C. segment of change-over switch— 
wire 31-32-operating coil of switch 7. Switch 2 is closed by 
current from wire # through the closed interlock of switch 7 
and wire 43. Switch 3 is closed by the current passing 
through the closed interlock of switch 2 and wire 53. Switch 
4 is closed by the current passing through the closed inter- 
lock of switch 3 and wire 63. 

On the second notch, finger 8A drops contact, and 
switch 7 opens. When wire 4 becomes active, wire 417 is 
energized at the change-over switch and switch 2 is held 
closed. The current can now flow through the wire A-inter- 
lock of switch 7 (open)—16-interlock of switch 4 (closed)— 
160-operating coil of switch 5. Switch 5 closes. 

On the third notch, finger 4 drops contact, and finger 5 
is energized. Switch 2 opens, since wire 41 is dead, and 
circuit A, through its operating coil, was broken when 
switch 7 opened. Current from wire #& flows through the 
interlock of switch 2 (open)—17-17-interlock of switch 5 
(closed)—operating coil of switch 6. Switch 6 closes. Cir- 
cuit A, through the operating coil of switch 3, is broken 
by the interlock of switch 2 (now open), but current flows 
through operating coil 3 from wire 517. 

On the fourth noteh, wires 5 and 5/7 are dead, and wire 61 
is active. Switch 3 opens because wire 57 is dead. Current 
from the wire A flows through the interlock of switch 3 
(open)—18—180-operating coil of switch 7. Switch 7 closes. 
Circuit A, through the operating coil of switch 4, is now 
broken, but the coil obtains current from wire 61. 

On the fifth notch, wires 6 and 67 are dead, and switch 4 
opens. Wire 71s dead when the change-over switch is at its 
alternating-current position. Current from circuit A can 
now flow through the interlock of switch 1—16-—19-190- 
operating coil of switch 8. Switch 8 closes. The maximum 
electromotive force is now impressed on the motors. 
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GENERAL ELECTRIC T-33 CONTROLLER 


63. In Fig. 36 is shown a T-33, hand-operated controller 
that is arranged for the control of motors on either alter- 
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nating- or direct-current circuits. The controller drum is 
divided into three sections a, 6, and ¢ that are insulated from 
one another. The fingers @ bear on the drum segments 
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when the controller is in operation. The arc guards e, when 
in their closed position, pass between the contact segments 
and thus prevent current from arcing across from segment 
to segment. Small blow-out magnets f that are provided 
with polar extensions embedded in the are guards serve to 
disrupt any are that may tend to hold between the segments 
and the fingers. The reverse switch is shown at g¢. 


T-33-A CAR-WIRING DIAGRAM 


64. In Fig. 37 is shown a car-wiring diagram arranged 
for T-33-A controllers and four motors, operating on either 
alternating- or direct-current circuits. The alternating- and 
the direct-current main switches are provided with retain- 
ing coils. After the switch has been closed, the retaining 
coil holds it in that position until the voltage drops to half 
of its normal value, when the coil automatically releases and 
opens the switch. A retaining-coil switch AS is placed 
in each cab, and the main switch may be thrown open by 
operating either retaining-coil switch. 


DIRECT-CURRENT CONTROL 


65. The action of controller No. 7 will be considered. 
The reverse-switch fingers are assumed to be in contact with 
the left-hand, or forward, segments, and the fingers on the 
commutating switch, to rest on the direct-current segments. 
The direct-current main switch is closed by hand, and both 
retaining switches are thrown over so that the right-hand 
blades connect 2A with 28, and 2 with 2A. The current 
through the retaining coil takes the following path: Trolley— 
D.-C. fuse—D.-C. switch-kicking coil-1-finger 7 on commu- 
tating switch—D.-C. segment-2-2-2 4-2 A-2 B-2 B-resistance 
-retaining coil-ground at G. 


66. When the controller, Fig. 37, is advanced to the 
first point, current flows through the kicking coil to finger 7 
on the controller. From this point, the path is: 7Z-drum 
segments—a—D 5-D 5-R 5-R 5-R4-R3-R 2-R 1-R 1-D 1-D 1- 
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6~A-A on cut-out switch-A 1-fuse—A 1-1-A A 1-A A 2-2-A 2- 
A 2-A2 X-A 2 X-A 8 X-A3 X-A 8-fuse—A 8-3-A A 3—A A 4-4— 
A4-A4-A A-d-A A reverse switch-forward segments—/—e—F 
on the cut-out switch-71-2-Nos. 7 and 2 fields in parallel— 
E1-2-E X-E X-F X-F X-F3-4-fields Nos. 3 and 42 in par- 
allel-Z 3-4-E-f-E reverse switch-G. The four motors and 
all the resistance sections are in series. The four armatures 
and their compensating coils are in series. The four fields 
are divided into two sets, which are in series, each set con- 
sisting of two fields in parallel. 


67. On the second point, finger D2, Fig. 37, is con- 
nected to finger 4. Drum finger D 2 is also connected to com- 
mutating-switch finger D2, which is connected by the D.-C. 
segment to resistance tap R2. One section of resistance, 
that between Ai and #2, is thus cut out, since current can 
now flow directly from controller-drum finger D 2 to the drum 
segment, to finger 4, and then to the motors. From finger 7, 
the path is: 7-a—-D 5-—D 5-R 5-R 5-R 4-R 8-R 2-R 2-D 2- 
drum finger ) 2—A—motors. 

On the third point, fingers D3 and 6 cut out one more 
resistance section. 

On the fourth point, fingers D4 and A cut out another 
section of resistance. 

On the fifth point, the last resistance section is cut out, 
because current can flow from 7~-a—Z/ 5-left-hand drum seg- 
ment—d—A-to the motors. The motors are now in series 
across the line, without the starting resistance. 


ALTERNATING-CURRENT CONTROL 


68. The alternating-current main switch, Fig. 37, is closed 
by hand, thus exciting the compensator; current flows from the 
trolley through the alternating-current fuse, the alternating- 
current kicking coil, the alternating-current oil switch, and the 
compensator, to the ground. Both switches R S are thrown so 
that the left-hand blades connect 4 with 4 4, and 44 with 4 B. 
The commutating-switch fingers make contact with the 
alternating-current segments. The current for the retaining 


§51 SINGLE-PHASE RAILWAY SYSTEM 59 


coil of the main alternating-current oil switch is taken from 
the compensator tap 73. The pathis: Tap 73-73 of left- 
hand set of commutating-switch fingers—4.-C. segments—4-<— 
4 A-4 A-4 B-4 B-retaining coil-ground at G. 


69. On the first point, when the drum fingers first 
touch the drum segments, the path of the current from the 
low-voltage compensator tap 71 is as follows: 71-71-A.-C. 
segment—D 1—D 1—S—S-resistance section S 4-separate blow- 
out coils—4—junction C. From this point the current divides, 
part of it passing through armatures Nos. 7 and 2 in series, 
and the rest of the current through armatures Nos. 3 and 4 
in series. The currents join again at junction d and follow 
the path: reverse-switch finger 4 4—/~junction-e-through the 
four fields in parallel—junction Areverse-switch finger A-G. 
The armatures are divided into two sets, which are in parallel, 
each set consisting of two armatures and their respective 
compensating coils in series. All of the fields are in parallel. 

When the controller-drum movement to its first point is 
completed, the resistance section and the blow-out coils are 
cut out, and current flows from finger 7 to 6, to A, and 
thence to the motors. The resistance section SZ is used in 
order to prevent short-circuiting a section of the compensator 
as the drum is turned from point to point. ‘The separate 
blow-out coils and the resistance are thrown across the 
terminals of a section of the compensating coil during the 
transition period from point to point, and are cut out when 
the drum reaches its full position for any point. When the 
drum passes from the first point to the off-position on either 
direct- or alternating-current operation, the resistance SB 
and the blow-out coils are thrown in circuit; this reduces 
the current and at the same time blows out the arcs that may 
have formed at the ends of the drum segments. 


TO. On the second point, finger D2, Fig. 37, makes 
contact with its drum segment. Resistance SZ, and the 
blow-out coils are cut in and then cut out of circuit, and, on 
the full point, current flows from tap 72 on the compensator 
to 72-D 2-D 2—A, and thence to the motors. 


60 SINGLE-PHASE RAILWAY SYSTEM $51 


On the third point, finger 3, which is connected to 
compensator tap 73, is thrown into action. 

On the fourth point, finger D4 and tap 74 are active. 

On the fifth point, finger 5 and high-voltage motor 
tap 75 are active, and the motors receive their maximum 
electromotive force. 


OPERATION OF AUXILIARY APPARATUS 


71. Each pair of motors is provided with a cut-out 
switch, by means of which either pair of motors may be cut 
out. On direct-current operation, the car lights, headlights, 
and heaters receive current through fingers 7 and L@&H 
on the commutating switch. On alternating-current opera- 
tion, they receive current through compensator tap 76-7 6- 
UNC TA: 

The air-compressor motor on direct-current operation 
receives current through finger 7 on the commutating 
switch—3—3-3 A-3 A-governor—A 5—A A 5-junction g—F5—F F5— 
F F5-E5-E 5-E E5-G. The armature and all the field coils 
are in Series. 

The compressor motor on an alternating-current operation 
receives current through tap 7 3—7°3 of left-hand set of fingers 
on commutating switch—-switch segments—3—3-—3 A-3 A-gover- 
nor—4 5-4 A 5-junction g (here the current divides, one path 
leading through 75 to ground, and the other through 
finger A 45-F5-E5-E E5 to ground at G. The sections 
of field coils g-/'5, and £5-E£ £5 are in parallel. 


SPRAGUE-GENERAL ELECTRIC MULTIPLE-UNIT 
SYSTEM 


C-40-A CONTROLLER FOR ALTERNATING-CURRENT 
CONTROL 
72. The type C-40-A controller is shown in Fig. 38 (a). 
The segments opposite the eight lower fingers [4 to 6, 
Fig. 388 (4)] constitute the accelerating section of the drum; 
the power section takes in the two segments opposite the 
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fingers 7 and a; and the reverse section consists of seg- 
ment 4 opposite finger 7f, and segment B opposite either 
finger 0 or 8. Segments 4 and & are electrically connected 
and receive current through finger rf. The reverse fingers 
0 and 8 (one directly behind the other) are mechanically 
connected to the reverse cylinder C, Fig. 38 (a). Either one 
of the fingers 0 or 8 may be connected to drum segment B 
by throwing the reverse handle either to the forward or to 
the reverse position, as indicated in Fig. 38 (c). For the 
forward position, finger 8 is active, and for reverse position, 
finger 0 is active. The coiled spring at the bottom of the 
case, Fig. 88 (a), serves to return the controller handle to 
off-position in case of emergency. 


C-40-A CAR-WIRING DIAGRAM 


73. <A car-wiring diagram for the alternating-current 
operation of two C-40-A master controllers connected to four 
motors is shown in Fig. 39. The system is duplex; that is, 
the control circuit, the compensator, and the contactors are 
distinct with each pair of motors. 

A small autotransformer, which is shown near the oil 
switch, provides current for the operating coil of the switch. 
One end of the secondary coil of this transformer is grounded 
near the transformer, and the other end is grounded through 
10-10 A-10 A-10 A-switch-10 B-10 &-10 B-operating coil-G. 
When switch 10-10A is closed, the operating coil of the oil 
switch closes the oil switch, and currents flow through the 
two compensators to ground. When the oil switch closes, 
the interlock under it opens, and the operating coil is now 
grounded through six high-resistance tubes. Just sufficient 
current flows to allow the operating coil to retain the switch 
in its closed position and yet not cause heating of the coil. 

Wires are numbered or lettered alike at points where they 
enter and leave the cable hose. The action of controller No. 7 
will be considered with the reverse cylinder, located at the top 
of the controller, at forward position; that is, with finger 8 
in contact with its segment. The currents for the control 
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circuits are obtained from taps 6 of the two compensators 
through the two knife switches shown at the left of the 
group of switches. The wires of the control circuit are 
indicated by red lines, and the wires of the power circuit, 
by black lines. 


74. First Point.—On the first point, current flows from 
the master-controller switch to finger 7, thence to the two 
drum segments, finger a, and to the lower right-hand finger 
of the reverse cylinder. Two lower reverse-cylinder fingers 
are shown in Fig. 39, but in the actual controller only one 
finger vf, Fig. 38 (a), is employed. From the reverse cyl- 
inder, Fig. 39, the current path for the control of one set of 
motors is as follows: Finger S—-wire 8—connection box No. 1 
—cut-out switch—S—S—interlock below the operating coil of 
contactor 9—S 4—interlock below the operating coil of con- 
tactor 11-S £-operating coils of contactors 8 and 10 in 
parallel, and thence to the common ground wire G. 

From finger a, current also flows to finger d-finger 1— 
connection box No. 7-cut-out switch—7/—7—-operating coil of 
contactor 5—1_d4—upper interlock of switch 6-1 #-interlock 
of switch 7—G. From finger 7, current flows through con- 
necting box No. 1-7—7-operating coil of contactor 4-7 A-inter- 
lock of switch 3-ground wire G. The main switches 4, 5, 8, 
and 10 are closed bythe action of their operating coils. 
Compensator tap 7 7 is connected to contactor 5. 

In Fig. 40, the paths of the currents in the control circuit 
are indicated by red lines, while the path of the current in 
the power circuit for a set of two motors is indicated by 
black lines. 

The two motor armatures are permanently connected in 
series, the compensating motor windings are connected 
directly in series with the armatures, and the fields of the 
two motors are connected in parallel. As the controller is 
operated, the same action is taking place in the one set of 


motors as in the other. 


75. First Intermediate Position.—Soon after leaving 
the first point, Fig. 39, finger 7 drops contact, and at the 


186—36 
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same time finger 2 makes contact. When fingers 7, 2, and 7 
are all active for an instant, contactors 5, 2, and 4 are closed. 
The motors are still connected to tap 71 by contactors 5 and 4, 
but taps 71 and 72 are bridged by section c of the rheostat. 
‘When finger 1 drops its contact, contactor 5 opens, thus 
cutting out tap 71, and allowing all the current to flow 
through the tap 7 2-contactor 2-section ¢ of the rheostat— 
contactor 4 and wire from the center of the rheostat, to 


motors. 


76. Second Point.—Finger 7 drops contact, and finger 6 
makes contact with the drum segments. Contactor 4 opens 


and contactor 3 closes, thus cutting out section ¢ of the 
rheostat. The motors are now connected directly to tap 72. 


77. Second Intermediate Position.—Finger 2 drops 
contact, and finger 3 makes contact. Contactor 2 opens, and 
contactor 6 closes. At the instant when both contactors 2 
and 6 are closed, section d of the rheostat is bridged across 
taps 73 and 72. When contactor 2 opens, all of the current 
flows from tap 73 through section d of the rheostat to the 
motors. 


78. Third Point.—Finger 6 drops contact, and finger 7 
makes contact. Contactor 3 opens and contactor 4 closes, 
thus short-circuiting resistance section d and leaving the 
motors connected directly to tap 73. 


79. Remaining Points.—The connections of the 
devices in the control circuits and the motor connections 
for the remaining points and intermediate positions are 
shown in Fig. 40. When moving through the intermediate 
positions, a rheostat section is shunted across two com- 
pensator taps; then, the lower voltage tap is dropped, and 
the resistance section is left in circuit. Finally, this resist- 
ance is short-circuited, and the motors are left connected 
directly to the high-voltage tap, when the controller move- 
ment to a full point is completed. On the fifth point, the 
maximum voltage is impressed on the motors, as motor 
tap 75 is active. 
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80. Operation of Reverse Cylinder.—When the 
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reverse cylinder on the master controller, Fig. 39, is thrown 
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to the reverse position, contactors 8 and 10 are opened, and 
the lower left-hand reverse-switch finger is connected to 
finger 0-wire 0-connection box No. 1-0-0-interlock below 
the operating coil of contactor 8-0 A-interlock of switch 10- 
0 B-operating coils 9 and 11 in parallel-G. Contactors 9 
and 11 are closed. The connections of the armatures 
remain unchanged, but the field connections have been 
reversed, as is shown by the fifth reverse point, Fig. 40. 
Motor rotation is therefore reversed. 


C-47 CONTROLLER FOR ALTERNATING-CURRENT AND 
DIRECT-CURRENT CONTROL 

81. In Fig. 41 is shown a C-47 master controller. 
This controller has auxiliary contacts a that open the control 
circuit in case the knob on the controller handle is released. 
A trip lever 4 is also provided. This lever will open the 
auxiliary contacts when the handle is moved toward the off- 
position. The handle must be returned to off-position before 
the controller can be operated to again pick up the contactors. 


C-47 CAR-WIRING DIAGRAM 


82. A car-wiring diagram of two C-47 controllers con- 
nected to four motors, for operation by direct or by alter- 
nating current, is shown in Fig. 42. When direct current is 
to be used, the direct-current switch is automatically closed 
by the operating coil on the switch. Direct current flows 
from the trolley, through the kicking coil-primary coil f- 
operating coil of the Y.-C. switch—-interlock, which is closed 
when the 2.-C. switch is open, to the ground at G. As the 
switch closes, the ground connection at the interlock is 
broken, and current now flows to ground through the four 
high-resistance tubes. The reduced current prevents heat- 
ing and is sufficient to retain the switch in its closed position. 
The direct current flowing through primary coil p has no 
effect on the secondary coil s and the operating coil of the 
alternating-current switch. If the line electromotive force 
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becomes very low, the operating coil releases and opens the 
direct-current switch. 

Current for the control circuit of the commutating switch 
flows from the trolley—D.-C. fuse—D.-C. switch—D.-C. kicking 
coil-junction 7 near lower connection of contactor 11-7-T7 
near reverser—7 near commutating switch—up through cable— 
T—S D-S D-theostat-—S D-D.-C. operating coil of the commu- 
tating switch—S—S- to ground through the 4.-C. commutating- 
switch segments and finger G, if the commutating switch 
rests in the 4.-C. position. If the switch is in the D.-C. posi- 
tion, the path to ground is from S finger of the commutating 
switch—S—S—S-—six high-resistance coils-G. The commuta- 
ting switch is thrown to its direct-current position. 

Current for the master controller flows from the lower 
portion of contactor 11-7—7~—7~—up through cable-7—7 D-7 D 
—D.-C. segment—Z C—Z C~master-controller switch—blow-out 
coil—auxiliary contacts—finger 7. 


83. Direct-Current Operation.—When using the C-47 
controller for direct-current operation, all of the nine con- 
troller points are employed. 

From finger 7 on the first point, current flows along 
the following path: Finger 7-drum segments—a—forward 
finger 8 on reverse cylinder—8 on connection box No. 1-8-8 
$§-8-forward operating coil of the reverser, thus throwing 
the reverser to forward position if it was at the other 
position-fingers on segment c—S 4-8 &-the current divides, 
part of it flows through the upper interlock over contactor 
11-two resistance tubes—G, and part through 84-operating 
coil of contactor 71, which opens the interlocks above dite 
thus interrupting the first path to ground—8 (—operating coil 
of contactor 12-8 D-operating coil of contactor 13-8 A—d-8 
-operating coil of contactor 15—interlock over contactor 
16-2 _A-2 A-two high-resistance coils—2-2—2-2 on connection 
box No. 1-finger 2 on the master controller-ground at 
finger G. 

From point d current cannot flow through the operating 
coils of contactors 16 and 714, as finger 7 on the controller 
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hangs in the air; also, the interlock over contactor 15 opens 
when contactor 15 closes. The reverser is thrown to its 
forward position, and contactors 11, 12, 13, and 15 are 
closed. 

The operating coil of the relay is connected to controller 
finger 10, which is active only for alternating current. 
Thus, the relay is open when direct current is used, so no’ 
current can flow from finger 7-a-—d-3-3 on connection box 
‘No. 1-3-3-operating coil of contactor 1-3 A—3 A-3 A-finger 
3A of relay, because of the open circuit at the relay. The 
connections of the operating coils, the contactors, and the 
motors are shown in Fig. 43. 

On the second point, finger 4, Fig. 42, makes contact 
with its drum segment. The current path is finger 4-4 on 
connection box No. 1-4-4 (current cannot flow to the right 
because of the open circuit at the relay)—interlock over con- 
tactor 1-4 4-4 B-operating coil of contactor 3-4 C—at first 
lower interlock of switch 3-interlocks of switches 5, 7, and 
9 to 15-two resistance tubes to ground, and then an instant 
later to ground by the upper interlock over contactor 3 when 


5 


contactor 3 closes—1/6—seven resistance coils—G. 

Contactor 3 is closed, and the rest of the contactors 
remain as before. Current can now flow from resistance 
lead R2, through contactor 3, to the main motor switch. 
The section of resistance between A7 and A2 is cut out. 

On the third point, finger 5 makes contact with its drum 
segment. Contactor 5 is closed, and resistance sections A 1 
—-R2 and R2-R3 are cut out. 

On the fourth point, finger 6 makes contact with the 
drum segment. Contactor 7 is closed. Resistance sections 
from Rito R¢ are cut out. 

On the fifth point, finger 7 becomes active, and con- 
tactor 9 closes. All the resistance sections are cut out, and 
the motors are in series across the line. 

On the sixth point, finger 2 drops its contact, and 
finger 17 makes contact with its drum segment. Contactor 
15 and its interlock open. Current flows from finger 7 on 
the controller to junction d, over contactor 15, by the same 
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path traced for the first point. From point d, near con- 
tactor 75, current now flows to 8 Z-operating coil of contactor 
16-8 /—operating coil of contactor 14-8 G-interlock 1—-1—-1-1 
on connection box No. 1-finger 7-drum segment-G. Cur- 
rent cannot flow from d through the operating coil of con- 
tactor 15, because finger 2 hangs in the air and interlock 2 4 
is open. 

Contactors 74 and 16 are closed, and contactor 75 is 
opened. Finger 4 is active, and contactor 3 is closed. The 
two sets of motors are in parallel with three sections of 
resistance in series with them, as indicated in Fig. 43. 

On the seventh, eighth, and ninth points, one section 
of resistance, Fig. 42, is cut out on each point in the same 
manner as on the third, fourth, and fifth points. On the 
ninth point, the two sets of motors are in parallel across 
the line, without any resistance sections in series. 


84. Alternating-Current Operation.—When using 
the C-47 controller for alternating-current operation, the 
first five controller points are employed. 

On the first point, the alternating-current oil switch is 
automatically closed by the operating coil on the switch. 
The direct-current switch is opened automatically as the 
trolley passes over the line breaker separating the alterna- 
ting-current and direct-current line wires. The direct-current 
switch interlock is closed, and an alternating current at a 
pressure of about 3,300 volts flows through the primary 
coil f, the operating coil of the direct-current switch, directly 
to ground through the direct-current interlock. The alter- 
nating current in # sets up an alternating current in s and in 
the operating coil of the alternating-current switch. The 
resistance and the impedance of the operating-coil circuits 
are so adjusted that the system is selective. The direct- 
current switch is thrown in when the trolley is on the 
direct-current wire, and the alternating-current switch is 
thrown in when the trolley is on the alternating-current 
trolley wire. When the alternating-current interlock opens, 
a resistance is introduced into the secondary circuit to 
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prevent the operating coil from heating. Current flows from 
the trolley—-kicking coil-4.-C. oil switch-main compensator 
to ground at G. 

From compensator tap 76, current flows to 76-7 6-point e 
~S A-S A-A.-C. operating coil of the commutating switch 
-~ground at G. The commutating switch is thrown so that 
the fingers make contacts with the alternating-current 
segments. 

At point e, current flows to 7A-7A-A.-C. segment of 
commutating switch-Z C_L C—master-controller switch—blow- 
out coil-auxiliary contacts-finger 7. 

From e, current also flows to RA and to controller-drum 
finger RA. From this finger, the path of the current, when 
the controller drum is active, is as follows: A A-10-10 on 
connection box No. 1-10 A-10-operating coil of the relay— 
10 A-10 A-10 A-A.-C. segment of commutating switch—-G. 
The relay rises, and its metal portions make contacts with 
all of its fingers. The fingers on the right side of the relay 
are connected to the ground, so that all the other fingers 
have a ground connection when the relay is active. Current 
from finger 7 flows to finger 8 on the controller reverse 
switch-S on the reverser—-reverser segment—0 (—0 (—0 (— 
operating coil of contactor 10-0 D-0 D-0 D-0 D-G. Con- 
tactor 10 closes. 

From 8 on the reverser, another path is as follows: 
8-forward reverser coil-S 4-finger 84 on the commuta- 
ting switch-A.-C. segments—ground. The path through seg- 
ment c-8 £-operating coils of contactors 11, 12, 13, and 15 
is short-circuited by the path through 84; therefore, con- 
tactors 17, 12, 13, and 15 open. The reverser is still-at for- 
ward position. Another path from finger 7 on the master 
controller, when the drum is at the first point, is: 7-a—é—-3-3 
on connection box No. 1-—3-3-operating coil of contactor 
1-3 A-3 A-3 A-3 A-relay—G. 

Contactor 7 closes. The sets of motors are connected in 
parallel by means of the alternating-current segments of the 
commutating switch. The main field coils of each pair of 
motors are connected in parallel, but the two armatures are 
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connected in series. The connections of the control and 
power circuits are shown in Fig. 48, at the first point, 
alternating-current operation. 

On the first intermediate position, before controller 
finger 3, Fig. 42, breaks contact with its drum segment, 
finger 4 makes contact with its segment. As contactor 7 is 
still closed at the intermediate position, its interlock is open. 
Current flows from finger Z to point 4 between contactors 1 
and 2. Current cannot flow to the left because of the open 
interlock, but it can flow through the operating coil of con- 
tactor 2 to the ground through the relay. 

Contactor 2 closes, and the first resistance section is shunted 
- across compensator taps 77 and 72, as indicated in Fig. 48, 
at the first intermediate position. The motor circuit is 
connected to side 71 of the resistance section. 

On the second point, as soon as controller finger 8, 
Fig. 42, drops its drum contact, contactor 7 opens and its 
interlock closes. Current now flows from point 4 to the left, 
through the interlock of contactor 7, and then through the 
operating coil of contactor 3 to the ground, first by way of 
the lower interlock—wire 75—-relay—ground, and shortly after 
by way of the upper interlock—wire 76-relay—ground. ‘These 
circuits are now grounded through the alternating-current 
relay, since that- path offers less resistance than the path 
through the high-resistance tubes. 

Contactor 7 opens just before contactor 3 closes, due to 
the interlock over contactor 7. For a short time, current 
flows from 72 through the first section of resistance to the 
motor circuit. Immediately after, contactor 3 closes anda 
direct path is provided to the main motor switch, thus short- 
circuiting the resistance section. This condition is indicated 
in Fig. 43 at the second point. 

On the third, fourth, and fifth points, Fig. 42, higher- 
voltage taps are successively connected to the motor circuit. 
During the passage of the controller drum through the inter- 
mediate positions, the different sections of the main resist- 
ance coil are used to shunt sections of the compensator ina 
similar manner to that described in connection with the first 


‘ 
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intermediate position. On the fifth point, contactors 8, 9, 
and 10 are closed, and the two sets of motors in parallel are 
connected between the high-voltage tap 75 and the ground. 
The controller should not be advanced beyond the fifth point 
for alternating-current operation. 


85. Operation of the Compressor Motor.—With 
direct-current operation, current flows through control wire 7, 
Fig. 42-R D-R D-operating coil of the compressor-motor 
relay-three high-resistance coils, to ground at G. The seg- 
ments of the compressor-motor relay are lifted. Current 
flows from JZ through PD-PD-P-P-pump switch, and 
through the armature and all the main field coils in series to 
ground. When using alternating current, the compressor- 
motor relay segments are in their lower positions. Current 
is obtained from tap 73. The two lower portions of the 
field windings are in parallel, and the upper field-winding 
section is cut out. 


AUXILIARY APPARATUS AND 
EQUIPMENT 


CURRENT COLLECTORS 


86. In high-speed railway work, it is essential that the 
current-collecting device should always remain in contact 
with the trolley wire while the car is inaction. If the current 
collector should leave the trolley wire while the car is moving 
at a high speed, great damage to the overhead work would 
probably ensue. The liability of such an accident occurring 
has been reduced by the improved system of overhead line 
construction and the new forms of current-collecting devices. 


PANTAGRAPH TROLLEY 


87. Description.—A type of pantagraph trolley is 
shown in Fig. 44. The trolley is secured to the top of the 
car by the feet a, which are insulated from the other parts 
of the trolley by the massive insulators 6. The main 
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operating cylinder is shown at c, and a latchcylinderatd. A 
hook e on the lower side of contact shoe f engages with the 
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latch when the trolley is in its lowered position, as indicated 
in Fig. 45. The steel contact shoe is broad, so as to have 
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a large surface in contact with the wire, and it is customary 
to stagger the trolley wire slightly so that the wear on the 
conducting surface of the shoe will be distributed. Grease 
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is used on the shoe, and the wear on the wire is slight. .The 
shoe is so long that it is impossible for it to leave the wire 
under normal conditions. 


88. Operation.—The pantagraph is operated by means 
of compressed air. Pipes connect to the main cylinder and 
to the latch cylinder, as indicated in Fig. 33. The panta- 
graph is normally held in a raised position against the wire 
by compression springs #, &, Fig. 46 (a). These springs 
force piston rods /, 7 and pistons wm, m toward the center of 
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main cylinder, thus causing short levers g, g and shaft 7, 
Figs. 44 and 46 (a), to rotate in a counter-clockwise direction, 
when viewed from the left side of Fig. 44 and the front of 
Fig. 46 (a), and levers 4, and shaft 7 to rotate in a clock- 
wise direction. The arms attached to the shafts are forced 
upwards, and the shoe is pressed against the trolley wire. 
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In order to lower the trolley, compressed air is allowed to 
flow into the center of the main cylinder. The pistons m2, 72, 
Fig. 46 (a), are forced outwards, shaft 7, Figs. 44 and 46 (a), 
rotated in a clockwise direction, shaft 7 rotated in a counter- 
clockwise direction, and the trolley lowered to the position. 
shown in Fig. 45. Compréssed air is admitted to the 
latch cylinder when the trolley is nearly at its lowest 
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position. Piston 2, Fig. 46 (4), of the latch cylinder is 
moved toward the left, moving latch o out from between 
lugs pf and g and allowing hook e, Figs. 44 and 46 (4), to fall 
into place between fandg. Cutting off the air from the latch 
cylinder allows a spring in the cylinder to snap the latch 0 
through f, e¢, and g. ‘The air is then released from the main 
cylinder, and the latch holds the trolley down. 
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When it is desired to raise the trolley, air is momentarily 
admitted into the main cylinder, where it flows into the latch 
cylinder through a small hole between the cylinders. The 
latch is released, and the main-cylinder springs raise the 
trolley. The small amount of air that was admitted to the 
center of the main cylinder acts as a buffer, thus prevent- 
ing too sudden action of the springs. In Fig. 47 is shown 
an electric locomotive provided with a pantagraph trolley. 


BOW TROLLEY 


89. The bow type of trolley is shown in Fig. 48. 
This trolley is raised and lowered by compressed air, under 


the control of the motorman. The upper bow portion a 
of the trolley assumes a nearly vertical position, and has 
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freedom of movement independent of the two main trolley 
poles. The movement is controlled by the springs 6,6 
and c,c. The pair of springs 6,6 keeps the sliding contact 
shoe against the trolley wire when the car is moving in one 
direction, and the other pair of springs c,c serves the same 
purpose when the car is moving in the opposite direction. 
The main portion of the trolley remains in the same position 
for either direction of car movement. The bow portion, 
however, inclines slightly in a direction opposite to the 
direction in which the car moves. An electric car equipped 
with a bow trolley is shown in Fig. 49. 


LINE CONSTRUCTION 


90. For high-speed, high-potential railway work, the 
ordinary overhead construction is not suitable. In such con- 
struction, the trolley wire sags between supports, and would 
thus cause sudden lifting and bending of the wire as the 
trolley passed under it. The insulation of the 500- or 600- 
volt line construction is insufficient for the high voltages used 
in alternating-current railway work. To meet such condi- 
tions and to provide an overhead system that fulfils the 
requirements of high-speed railroading, the catenary line- 
construction system was introduced. 


SINGLE CATENARY 


91. In the single-catenary construction, shown in 
Figs. 47 and 49, a 75-inch, seven-stranded, galvanized-steel 
cable, a Fig. 47, called a messenger cable, is supported by 
bracket construction from poles on one side of the track or 
from span wires between poles on opposite sides of the track. 
The trolley wire 6 is suspended from the messenger cable by 
means of iron hangers c of proper lengths to maintain the 
wire at a uniform height above the track. The contact shoe 
thus slides smoothly under the wire and will cause it to 
move but slightly. The messenger cable, being connected 
electrically as well as mechanically to the trolley wire, serves 
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as an auxiliary conductor. Both the cable and the trolley 
wire are insulated from the brackets and poles by porcelain 
or wooden insulators. 

92. A cross-span, single-catenary construction fOrera 
straight track is shown in Fig. 50, where a is the messenger 
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cable; 4, the trolley wire; c, hangers; d, a T iron; and e, a 
large, porcelain insulator clamped to d. The messenger 
cable is fastened to e by soft-copper tie- 
wires. Forcurves, a construction similar 
to that shown in Fig. 51 is used. The 
trolley wire is held directly under the 
messenger cable, and wooden . strain 
insulators a insulate the messenger cable 
and trolley wire from the poles. 


93. <A side-bracket construction is 
shown in Fig. 52, where a is the bracket 
arm made of T iron; 0, the insulator; c, the 
messenger cable; d, the trolley wire; ande, 
the hangers connecting the messenger 
wire and the trolley. 

The messenger wire sags between the 
supporting poles, but the trolley wire 
maintains almost the same height above 
the track throughout its length. The trolley wire is supported 
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about 17 inches below the messenger cable, at the poles, and 
the distance between the messenger cable and the trolley 
wire gradually decreases toward the center of the span 


between the poles. The type of hangers used for this con- 
struction is shown in Fig. 58. The messenger wire a is 
encircled by a clamp 6. A clamp c holds the top of the 
grooved trolley wire, leaving the bottom of the wire unob- 
structed for the passage of the trolley shoe. A length of 
pipe d joins the clamps a andc. This pipe varies in length, 
according to the position of the hanger. 


94. On curves of large radius, and at intervals of about 
440 feet on a straight 
track, a -supplemental 
rod made of hardwood 
isattached=- to, the 
bracket. One end of 
the rod is attached to 
the bracket arm, and the 
outer end of the rod 
terminates in a clamp, 
which is secured to the 
trolley wire. This serves to keep the catenary structure in an 
upright position. A bracket thus equipped is called a steady- 
strain bracket, and is shown in Fig. 54. Another, but 
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somewhat similar; construction for the same purpose is shown 
in Fig. 55. A portion of a line equipped with the type of 
bracket shown in Fig. 54 may be seen in Fig. 56. 
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95. When an ordinary trolley wheel is to be employed 
as a current-collecting device, the trolley wire is placed over 
the center of the track. When a sliding contact shoe is to 
be used, however, the wire is placed alternately 83 inches to 
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the right and the left of the center line of the track, so as 
to distribute the wear on the shoe. 


96. The section insulators, pull-off hangers, etc. are 
somewhat similar to those used in the ordinary low-tension 
system, with the exceptions that the insulation provided is 
much better and that both the messenger cable and the 


¢c 


trolley wire are mechanically connected to the devices, as 
shown in Fig. 57, which represents a section insulator. 
Clamps a are mounted on the T-iron support; the messenger 
cables are connected to 0, and the trolley wires to c. 
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DOUBLE CATENARY 


97. For heavy traffic roads having two or more tracks, 
a more substantial construction has been developed. Steel 
bridges spanning the tracks support a double-catenary 
line construction. In Fig. 58, a,a, are two messenger 
cables, from which the trolley wire 4 is suspended by trian- 
gular supports. This method of suspension results in a very 
rigid line construction. At intervals, anchor bridges are 
provided to bear the stresses of the line wires. Massive 
insulators mounted on the tops of the bridges insulate the 
catenary construction from the bridge structure. The double- 
catenary construction may also be supported on bracket 
arms projecting from poles at one side of the track, as shown 


in Fig. 59. 
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SUBSTATIONS 


98. Where acomplete single-phase railway system is to 
be installed, single-phase generators are often used at the 
power station, although two- or three-phase generators may 
be employed. In Fig. 60 is shown the exterior, and in 
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Fig. 61 the interior, of a substation for a single-phase system. 
The current from the single-phase generator at the generating 
station is stepped up to a pressure of 22,000 volts, or perhaps 
higher, for the transmission lines. In the substations, step- 
down transformers a,a, Fig. 61, are installed. ©The low- 
tension sides of these transformers are connected between 
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the trolley wire and the ground. The trolley pressure varies 
in different installations, but is often 3,300 volts or higher. 
The high-tension wires are provided with high-potential, 
fused circuit-breakers 6, from which wires are connected to 
the primary coils of the transformers. One end of each of 
the secondary coils is grounded. he other ends of the sec- 
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ondary coils may be connected to either one or both of the 
outgoing trolley sections. Oil switches c, d,e, disconnecting 
switches f, and fuse block g assist in making connections 


between the secondary coils and the two trolley sections /, x. 
Coils z are choke coils for the lightning-arrester equipment. 


99. <A type of high-potential, fused circuit-breaker made 
by the Westinghouse Company is shown in Fig. 62. The 
wooden pole a has clips mounted on it, so that the pole may 
be easily connected to the high-tension terminals 4,c. The 


88 SINGLE-PHASE RAILWAY SYSTEM $51 


wooden pole d is hinged to a at e. A flexible wire is run 
from the lower clip on a, through d, to a clip on the top of d. 
A fuse wire is connected to f, 
passes through an expulsion 
tube g, and is fastened to aclamp # 
that is connected to the upper clip 
ona: The fuse forms part of the 
circuit between the terminals 6 
andc. When the fuse blows, the 
arm d swings downwards; the 
arc is partly drawn out by this 
action and partly blown out by 
the confined gases in g. By 
pulling on string z, the clamp 
is opened, the fuse wire released, 
and the switch opened. When 
renewing a fuse, the whole 
device is taken down by discon- 
necting the pole a from the 
terminals 6,c. 


100. In Fig. 63 is shown one 
method of connecting up the 
apparatus in a substation. The 
detailed arrangements vary in dif- 
ferent stations. With the arrange- 
ment shown, either one or both 
of the transformers may be connected to either one or both 
of the trolley sections. 
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101. In Fig. 64 is shown another wiring diagram for a 
substation. Automatic safety devices are provided to open 
the circuit in case of a serious short circuit, or in case the 
trolley line, due to some disorder causes the secondary coil 
to act as a primary. 

The ¢ime-limit relay consists of a device—usually containing 
a magnet and clockwork—that starts to operate in case of 
excessive current, but does not close the circuit through the 
tripping coil of the oil switch, and thus open it, until a short 
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interval of time elapses. If the short circuit persists, the oil 
switch is opened; but if it is of very short duration, the trip- 
ping coil is not energized and the oil switch remains 
closed. ; 

The dzfferential relay is so arranged that, under normal 
conditions, the currents set up in the secondary coils of the 
two series transformers, shown just above and below the 
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main transformers, flow through each other and the V-shaped 
switch. In case of disorder in the power transformers, the 
current in one series transformer will oppose the current in 
the other series transformer. Current will flow through the 
operating coil of the V-shaped switch, opening it, and thus 
allowing the current.to flow through the tripping coils and to 
open the oil switches. 


90 
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On long roads built for heavy service, substations are 


installed at quite frequent intervals, in order to reduce the 
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current flowing through the rails and thus prevent a large 
drop in the voltage. 
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A SERIES 


OF 
QUESTIONS AND EXAMPLES 


RELATING TO THE SUBJECTS 


TREATED OF IN THIS VOLUME. 


It will be noticed that the Examination Questions that 
follow have been divided into sections, which have been 
given the same numbers as the Instruction Papers to which 
they refer. No attempt should be made to answer any of 
the questions or to solve any of the examples until that 
portion of the text having the same section number as the 
section in which the questions or examples occur has been 


carefully studied. 


ELECTRIC-RAILWAY SYSTEMS 


EXAMINATION QUESTIONS 


(1) Name four methods that may be used for supplying 
current to street-car motors. 


(2) What limits the voltage for railway purposes from 
500 to 650 volts? 


(3) Make a sketch showing the relation of a series 
booster to the other part of a direct-current railway system? 


(4) What things, besides the load center, must be con- 
sidered in most economically locating a power house? 


(5) Why are single-phase alternating-current motors 
better than polyphase induction motors for railway operation? 


(6) About what is the limiting distance from the power 
house to which it is profitable to run cars with the 500-volt 
direct-current system without the use of boosters? 


(7) With respect to a street-car system, where should the 
power house be located, provided that the land be obtained 
and other conditions do not interfere? 

(8) Suppose that in Fig. 21, W represents the center of 
a load of 200 kilowatts, W” 100 kilowatts, and W 300 kilo- 
watts. Considering only the load, where should the power 
house for supplying the same be located, assuming the dis- 
tances to be the same as given in Fig. 21? [Illustrate your 
solution by means of a sketch. 

(9) If a car with passengers weighs 12 tons and it is 
desired to propel it up a 5-per-cent. grade at a speed of 
8 miles per hour, how many horsepower must be expended 

¢ 36 
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if the force required to propel the car on a level track is 
20 pounds per ton? Ansicd0 Ho: 


(10) Explain the method of supplying certain feeders with 
higher voltage than that of the regular station bus-bars by 
using a high-voltage bus. Illustrate by means of a sketch. 


(11) What effort, in addition to that required to over- 
come train resistance, must be applied to give an acceleration 
of .9 mile per hour per second to a car weighing 25 tons? 

Ans. 2,052 Ib. 


(12) If it requires an effort of 90 pounds per ton to start 
a car on the level, what is the steepest grade on which the 
car can be started without wheel slippage, if 70 per cent. of 
the weight of the car rests on the drivers and the adhesion 
is 14 per cent. of the weight on drivers? Ans. 5.3 per cent. 


(13) If it requires a force of 25 pounds per ton to move 

a car at a uniform rate on a level track, how many pounds 
per ton will be required to move it up a 32-per-cent. grade? 
Ans. 95 lb. per ton 


(14) About how many watt-hours per ton-mile are 
required for the operations of interurban cars: (a) in limited 
service? (6) in local service? 


(15) On a certain interurban road, similar to that 
described in Art. 53, six cars are to be operated on limited 
service at an average speed of 32 miles per hour and eight 
cars on local service at an average speed of 23 miles per 
hour. The cars weigh 82 tons each and the total loss 
between power station and the cars amounts to 20 per cent. of 
the power required for the cars. (a) How much power will 
be required at the cars? (46) How much power must be 
supplied at the station? (c) What size of generating units 
and number of units would you consider suitable for the 


station? AN fe 960.64 K. W. 
"1 (6)1,152.77 K. W. 


(16) Does the resistance offered by air increase with the 
speed of a car or train, and if so in about what proportion? 
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(17) If acar increases its speed from 5 miles per hour 
to 25 miles per hour in 15 seconds what is the acceleration 
in miles per hour per second? Ans. 1.38 mi. per hr. per sec. 


(18) Make sketches of and explain two methods of 
operating cars by single-phase current: (a) when supplied 
from a single-phase transmission line; (4) when supplied 
from a three-phase transmission line. 


(19) If a series booster is to carry current for feeders 
requiring, on the average, 500 amperes, and if the pressure 
is to be increased 200 volts, what should be the output of the 
booster, in kilowatts? Ans. 100 K. W. 
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LINE AND TRACK 


(PART 1) 


EXAMINATION QUESTIONS 


(1) (a) Why is it necessary to offset the trolley wire 
from the center of the track on curves? (4).How many 
inches should the wire be offset on an 80-foot curve? 


(2) Why is it desirable, in arranging the feeders for a 
railway system, to have the road divided into a number of 
sections each supplied by a separate feeder? 


(3) Ifa copper railway feeder must have a cross-section 
of 650,000 circular mils for a given service, what should the 
cross-section be if aluminum were used instead? 

Ans. 1,083,333 cir. mils 


(4) (a) What three types of construction are generally 
used for the suspension of trolley wire? (4) State the loca- 
tions to which each is best adapted. 


(5) Calculate the resistance of 22 miles of double track 
composed of 90-pound rail, thoroughly bonded so that the 
conductivity of the joints is equal to that of an equivalent 
length of solid rail. Ans. .278 ohm 


(6) What type of rail is well adapted for paved streets 
where the wagon traffic is very heavy? 


(7) What features of the T rail make it a desirable type 
to use wherever possible? 
(8) What is the cross-section, in square inches, of: (a) an 


80-pound rail? (4) a 70-pound rail? 
287 
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(9) If a 15-mile single-track road is to be laid with 


80-pound rails, how many tons of rails will be required? 
Ans. 2,112 tons 


(10) (a) What substance in steel rails has the greatest 
influence on the resistance? (4) Give the composition of a 
mild steel suitable for conductor rails. 


(11) Ifa conductor rail has an equivalent resistance of 5, 
8 times that of copper, what would be the resistance of 
6,000 feet of 60-pound rail? Ans. .0679 ohm 


(12) (a) What is the minimum number of line lightning 
arresters that should be provided per mile of line on street- 
railway systems? (4) How should the ground connection 
for these arresters be made? 


(13) Of what material are span wires usually made? 


(14) Describe one method of making a connection from 
the feeder to the trolley wire. 


(15) Calculate the resistance of 8 miles of single-track 
road laid with 70-pound rails; neglect resistance of joints: 
Ans. .256 ohm 


LINE AND TRACK 


(PART 2) 


EXAMINATION QUESTIONS 


(1) Describe the drop-of-potential method of testing for 
defective rail bonds and illustrate by means of a sketch. 


(2) -If a track cools from 100° to 60° F., what will be 
the resulting stress in the rails, assuming that they are firmly 


fastened and that electrically welded joints are used? 
Ans. 8,667 lb. 


(3): How does the conductivity of an electrically welded 
joint compare, approximately, with that of an equal length 
of solid rail? 


(4) An 80-pound rail is bonded with two No. 0000 bonds, 
each 18 inches long. ‘To how many feet of solid rail are the 
bonds equivalent in resistance, neglecting the resistance of 
the bond contacts? Ans. 3.62 ft. 


(5) (a) Why is it necessary to cross-bond the rails of an 
electric-railway track? (6) At what intervals should the 
rails be cross-bonded? 


(6) Explain, briefly, the principle of operation of the 
Conant bond tester, and illustrate by means of a sketch. 


(7) Explain one method by which the resistance of the 
track-return circuit, taken as a whole, can be measured. 


(8) (a) What kinds of wood are most commonly used 
for ties? (4) What are the usual dimensions for ties on 


tracks of standard gauge? 
2 38 
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(9) In the Lorain surface-contact system, how is the 
surface-contact plate brought into electrical connection with 
the feeder when the car is over the plate? 


(10) Make a sketch showing a suitable location of con- 
ductor rail with reference to the track on third-rail roads. 


(11) What kinds of insulator are commonly used for 
supporting the contact rail on third-rail roads? 


(12) Give, approximately, the current leakage per mile 
from a well-insulated third rail. 


LINE CALCULATIONS 


EXAMINATION QUESTIONS 


(1) Suppose that a single-track trolley road 3 miles long 
fed from a power station at one end, as shown in Fig. I, has 
ten cars, requiring on an average 24 amperes percar. If the 
trolley wire is No. 00 and the track resistance, including 
bonds, is .006 ohm per 1,000 feet of single track (two lines 
of rails), what must be the size of the feeder in order that 
the drop shall not exceed 110 volts, even if the total load is 
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concentrated at the end of the road most distant from the 
power house? Assume the trolley wire to have the same 


conductivity as the soft-copper feeder. 
Ans. 337,840 cir. mils 


(2) What is the relation between the drop on a given 
line for the same total number of amperes with the load 
evenly distributed and with it all concentrated at the distant 


end of the line? 


(3) After having properly calculated the size of feeder 
required to carry a given current with a given drop, what 
other property of the wire is it necessary to bear in mind? 

239 
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(4) A trolley road fed from a power station located at 
the middle, as shown in Fig. II, has a double track 4 miles 
long and twelve cars, requiring on an average a current of 
25 amperes per car. The trolley wire is No. 00, and has the 
same conductivity as the soft-copper feeder, and the track 
resistance, including bonds, is .0035 ohm per 1,000 feet of 
double track. What must be the size of the feeder in order 
that the drop shall not exceed 100 volts even if all the cars 
are concentrated at one end of the road? 

Ans. 118,864 cir. mils, approx. 
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(5) What are some of the results of operating street cars 
on too low a voltage? 


(6) What is meant by electrolysis in electric-railway 
work? 


(7) What points on underground-cable sheaths, water 
pipes, etc. are liable to injury by electrolysis? 


(8) Fig. III shows the layout of a single-track road 
operating twelve cars, each car requiring an average current 
of 25 amperes. The road is divided into three sections 
by means of line breakers, each section being provided with 
a No. 00 main having a cross-section of approximately 
133,000 circular mils. The mains are fed by the feeders 
1, 2, and 8. Feeders running parallel to those for the 
overhead system and of the same size are to be used for 
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connecting the track circuit to the power station. The trolley 
wire is No. 00. Calculate the size of feeders required in 
order that the drop at any one of the cars, if they are all 


Fie. Il 


in the positions shown by the small round dots, shall not 
exceed 50 volts. Take the track resistance as .0389 ohm 


per mile for two rails in parallel. 
Feeder 1, No.1B.&S. 
Ans.} Feeder 2, 350,000-cir.-mil cable 
Feeder 3, 350,000-cir.-mil cable 


(9) State the main precautions that should be taken in 
order to prevent electrolytic action on underground pipes and 
conductors. 


(10) (a) What is the difference between an ordinary 
double truck and a maximum-traction truck? (4) About 
what is the longest wheel base that can be used for single- 
truck cars in city traffic? 
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(11) Describe a method by which the current flowing in 
@ pipe can be measured. Illustrate by means of a sketch. 


(12) What is the usual method of suspending railway 
motors? 


(13) Describe a method for measuring the E. M. F. 
between pipes and the adjacent earth. Illustrate by means 
of a sketch. 


(14) What electric-railway systems are incapable of 
causing electrolysis in neighboring pipes or conductors? 


MOTORS AND CONTROLLERS 


EXAMINATION QUESTIONS 


(1) Why are series-wound motors better suited to rail- 
way work than shunt-wound motors? 


(2) The gear-ratio of the motors mounted on a car 
having 30-inch wheels is 5.07; how many revolutions per 
minute does the armature make when the car is running at 
a speed of 16 miles per hour? Ans. 908.5 rev. per min. 


(3) In railway-motor operation is the average voltage 
applied to the motor the same as the line voltage and if 
not, why? 

(4) (a) If the weight of a car is kept the same and the 
gear-ratio increased, what will be the effect on the current 
per motor and the speed of the car? (4) Will the speed of 
the car change in proportion to the change in gear-ratio and 
if not, why? 

(5) Ifacar has a gear-ratio of 4.33 and is mounted on 
30-inch wheels, what will be the tractive effort per motor 


when the current is such that the motor torque is 400 pound- 
feet? Ans. 1,385.6 lb. 


(6) Of what materials are the field frame and pole pieces 
of modern direct-current railway motors usually made? 


(7) Why are two-circuit or series windings used for the 
armatures of railway motors? 
(8) Why is it necessary to use a dummy, or dead, coil 


in the Westinghouse 12A armature? 
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(9) What is the difference between the rheostatic and 
series-parallel methods of speed control for electric cars, 
and why is the latter method almost universally used in 
preference to the former? 


(10) In Fig. 31, trace out the path of the current start- 
ing from controller trolley post 7, when the controller is 
placed on the seventh notch. 


(11) What is the difference between type K and type L 
controllers as regards the manner of changing from series 
to parallel? 


(12) In Fig. 88, trace out the path of the current on the 
sixth notch, starting from 7 on the right-hand controller. 


(18) What two methods may be used for controlling 
the speed of cars equipped with alternating-current series 
motors? 


(14) Why is it desirable, in controllers for use on 
metallic-return systems, to have the main cylinder open 
on both sides of the circuit when thrown to the off-position? 


ELECTRIC-CAR EQUIPMENT 


EXAMINATION QUESTIONS 


(1) Determine the size, according to the Underwriters’ 
requirements, for the trunk wire of a car equipped with 
four 35-horsepower motors. 


(2) What makeshift is sometimes used instead of a 
sleet wheel? 


(3) What is the advantage of using both fuses and cir- 
cuit-breakers to protect car-motor circuits? 


(4) How may the size of copper wire to be used as a 
fuse for an equipment of given horsepower be determined? 


(5) Describe one method of insulating the wires for 
heavy cars, such as are used on elevated roads. 


(6) (a) On what principle are all electric heaters made? 
(6) What other heating systems are used with electric cars? 


(7) What advantage has a headlight provided with both 
an arc and incandescent lamp? 


(8) What are the main objections to existing single-truck 
brake riggings? 


(9) (a) What is meant bya straight air brake? (4) Name 
the principal parts of a straight air-brake equipment. 


(10) What is the object of the insulation hose or insula- 
ting joint used on independent-motor-driven compressor 
equipments? 
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(11) Why are engineer’s valve handles made so as to be 
removable only on lap position? 


(12) What is meant by: (a) standing travel? (6) run- 
ning travel? (c) What kind of travel does an automatic 
slack adjuster regulate? 


(13) Define train-line reduction, and state the object of a 
service reduction. 


(14) What is meant by: (a) recharging the train line? 
(6) excess pressure? 


MULTIPLE-UNIT SYSTEMS 


(PART 1) 


EXAMINATION QUESTIONS 

(1) Name several advantages of installing motors on 
each of the cars composing a train. 

(2) What is the object of the cut-out switch on type M 
cars? 

(8) What means are taken to secure the safe maximum 
rate of acceleration with the C18 master controller? 

(4) Why is it essential that the main controllers on all 
cars of a train act simultaneously? 

(5) What is the purpose of the safety switch in the C6 
master controller? 

(6) What, in general, is the object of the interlock 
switches on the type M contactors? 

(7) What is the purpose of the bus-line? 

(8) What is the object of the circuit-breaker setting 
switch shown in Fig. 20? 

(9) What advantages has the use of connection boxes in 
the type M control? 

(10) Name the four forward positions of the C35 con- 
troller. 

(11) Explain the action of the current-limit relay used in 
the automatic relay control. 
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(12) Name the purpose of each of the seven wires of the 
train cable in the automatic relay control. 


(18) What is the object of the potential relay in the auto- 
matic relay control? 

(14) Incase maximum speed is desired, how should the 
controller handle in the automatic relay control be operated? 


(15) What contactors are closed in the switching position 
of the master controller shown in Fig. 27? 


MULTIPLE-UNIT SYSTEMS 


(PART; 2) 


EXAMINATION QUESTIONS 

(1) Howis sticking of the unit-switch contacts prevented? 

(2) How are the circuit-making and _ circuit-breaking 
devices on the Westinghouse unit-switch system of control 
operated? 

(3) What is the object of the motor-control cut-out switch 
shown in Fig. 21? 

(4) When the line switch and line relay as shown in Fig. 23 
are open, what completes the control circuit so that the switch 
group may be tested? 

(5) For what purpose is the reverser interlock on a unit- 
switch equipment used? 

(6) Why are two sets of storage batteries used in the 
unit-switch control? 

(7) What is the advantage of the rectangular switch group 
over the turret switch group? 

(8) Describe briefly the action of the unit switch shown 
in, Fig. 20. 

(9) What unit switches are closed on the series-running 
position of the master controller shown in Fig. 25? 

(10) When is the right-hand limit switch, Fig. 23, active 
in interrupting the control circuit? 
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(11) Howis the master-controller handle shown in Fig. 5 
moved: (a) for forward motion of the car? (4) for backward 
motion of the car? 


(12) For what purpose is the Westinghouse limit switch 
used? 


(13) What action occurs when the plug is inserted in the 
cut-out switch Z.-S., Fig. 23, and the controller turned so as 
to energize finger 5 4? 


(14) What is the object of the limit-switch cut-out in 
Fig. 23? 


(15) In Fig. 24, what unit switches are closed on the 
switching position? 


SINGLE-PHASE RAILWAY 
SYSTEM 


EXAMINATION QUESTIONS 


(1) How is the compensating field winding placed in the 
motor shown in Fig. 8? 

(2) How is the electromotive force of self-induction kept 
at a low value in the main field coils of a single-phase, 
alternating-current motor? 

(3) In connection with Fig. 35, state which unit switches 
are closed on the first notch in alternating-current operation. 


(4) Why is the contact shoe on the pantagraph trolley 
made broad and long? 

(5) When an alternating current flows through a series- 
wound motor, how is it that the rotation remains in one 
direction? 

(6) Describe briefly the single-catenary line construction. 

(7) What is the object of the compensating field winding 
on the field frame of a series alternating-current motor? 

(8) Ina type of autotransformer similar to that shown in 
Fig. 18, the primary current is 20 amperes and the current 
in the external secondary circuit is 220 amperes. What is 
the current in the secondary coil? Ans. 200 amperes 

(9) What is the purpose of the resistance leads between 
the armature coils and the commutator on some types of 


alternating-current motors? 
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(10) In connection with Fig. 33, explain the method of 
raising the pantagraph trolley. 


(11) When a contact-shoe trolley is used, what is the 
object of placing the trolley wire alternately to the right and 
the left of the center line of the track? 


(12) What is the purpose of the resistance section SB, 
Fig. 37? 


(13) What is the purpose of a steady-strain bracket? 


(14) In connection with Fig. 39, state which contactors 
are closed on the first point of the master controller. 


(15) Is the running voltage or the starting voltage 
(impressed on the terminals of an alternating-current motor) 
more nearly in phase with the current? 


(16) In connection with Fig. 42, state which contactors 
are closed on the fifth point of the master controller in 
alternating-current operation. 


(17) State two reasons for using preventive-reactance 
coils. 


(18) How is the change-over switch, Fig. 35, operated 
for direct current? 


(19) In connection with Fig. 26, explain briefly the 
method used to raise the electromotive force impressed on 
the motor terminals as the controller drum is advanced. 


(20) (a) With the controller and autotransformer shown 
in Fig. 26, which taps are active on the third notch? 
(6) What electromotive force is impressed on the motor 
terminals on the third notch? 
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ELECTRIC-RAILWAY SYSTEMS 


(1) The overhead-trolley, third-rail, open-conduit or slot, and 
electromagnetic or surface-contact methods. See Art. 4. 


(2) Considerations of safety; also, because it is difficult to build 
direct-current railway motors that will run without sparking or flash- 
ing on pressures above 650 volts. See Art. 3. 

(3) See Art. 19. A sketch similar to Fig. 8, with explanation, 
is required. 


(4) See Art. 34. 
(5) See Art. 2. 

(6) See Art. 16. 
(7) See Art. 32. 


(8) The center of gravity between W and W” will be at a distance Z 
from W such that 7X W=(L—JZ) W". Substituting the proper 
values for W, Z, and W” in this equation gives / X 200 = (7 — Z) 100; 


simplifying, we get 200 x / = 700 —100X7/, which gives / = a 


= 21 mi. Hence, a load of 300 K. W., which we will call W’”’, 24 mi. 
from W may be represented as equivalent to both Wand W’. Since 
W’ is also 300 K. W., the center of gravity of W’ and W’” will be half 
way between them. Hence, the best position for the power house, 
for the three loads, is at this center point, which is half way between 
W’ and a point on the line joining Wand W”, 23 mi. from W. See 
Art. 37. 


(9) If the force required on the level is 20 lb. per ton, the force on 
a 5-per-cent. grade will, according to formula 2, be 20 + 20 X 5 = 120\1b. 
per ton. In formula 3, / = 120 X 12 = 1,440 lb. and S = 8 mi. per 


hr.; hence, H. P. = aTR ES 30.7. Ans. 


(10) A sketch similar to Fig. 7, with explanation, is required. See 
Arts. 17 and 18. 
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(11) Use formula4; W, = 25, A = .9; hence, F, = 91.2X%25 X.9 
==—2, 052: psmeeAtiS. 


(12) Use formula 5; a = .7, 5 = .14, 7 = 90; hence, 
Sg 22000 X37 X 14 590 
oa 20 


(13) Use formula 2; f = 25, G = 33, fF = 25+20X 33 = 95 lb. 
per ton. Ans. 


(14) (a) and (6) See Art. 53. 


(15) (a) The local cars run 23 X 8 = 184 car mi. per hr.; -the 
limited cars run 32 x 6 = 192 car mi. per hr. Taking each ton-mile 
of local service as equivalent to 87.5 watt-hours, the total watt-hours 
expended per hour on the local cars will be 87.5 184 X 32 = 515,200. 
The work done per hour on the limited cars will be, taking each ton- 
mile equivalent to 72.5 watt-hours, 72.5 X 192 X 32 = 445,440 watt- 
hours. ‘The total work done per hour is, therefore, 960,640 watt-hours, 
and in order to do this amount of work per hour, the average power 
or rate at which work is done must be 960,640 watts, or 960.64 K. W. 

Ans. 

(6) If 20 per cent. of the power supplied is allowed for loss in the 
transmission, the amount lost will be 960.64 * .2 = 192.13 K. W. and 
the average power supplied from the station will be 1,152.77 K. W. 

Ans. 

(c) To supply an average load of 1,152.77 K. W., it would probably 
be necessary to operate about 1,500 K. W. of generators in order to 
allow for load fluctuations and also supply the considerable current 
required for heating and lighting. The station could therefore be 
equipped with, say, three 800 K. W. machines, two of which, operated 
in parallel, would handle the load, the third being kept as a reserve. 
See Art 57. 


(16) See Art. 50. 


=| b.5 per cent.) sans: 


(17) The increase of speed during 15 sec. is 20 mi. per hr.; hence, 
9 


the acceleration is In = 1.383 mi. per hr. per sec. See Art. 47. 


(18) (a) and (6) Sketches similar to Figs. 14 and 15, with accom- 
panying explanation, are required. 


(19) See Art. 21. 


eS See 


LINE AND TRACK 


(PART 1) 


(1) (a) and (4) See Art. 23. 
(2) See Art. 7. 


(3) The cross-section of the aluminum cable will be 12 times that 
of the copper cable. Hence, the cross-section will be 650,000 x 12 
= 1,083,333 cir. mils. Ans. See Art. 9. 


(4) (a) and (6) See Arts. 12, 13, 14, 15, and 16. 


(5) Using formula 5, the resistance per mile of single rail will be, 
4.48 4.48 


We = 9° Since the road is double track, 


since W, = 901b., R,», = 


the resistance per mile will be one-fourth this amount, or 12, and the 


ioe LR Dae 
resistance of 22 mi. will be “90 22) —=—.27oronm. Ans. 


(6) The groove rail. See Art. 50. 
(7) See Art. 47. 
(8) (a) and (6) See formula 1. 


(9) From formula 2, the weight, in tons, per mile for a single 
track laid with 80-lb. rails is W, = 1.76 X 80 = 140.8 and for 15 mi. 
the weight would be 140.8 X 15 = 2,112 tons. Ans. 

(10) (a) and (4) See Art. 438. 

(11) Formula 7 gives the resistance per thousand feet of 60-lb. 


aay 
fail as Aco = a For 6,000 ft. the resistance will be ae x 6 


= .0679 ohm. Ans. 


(12) (qa) and (4) See Art. 38. 
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(13) See Art. 26. 
(14) See Art. 3%. 
(15) From formula 5, the resistance per mile for a single 70-lb. 


aoe 4.48 aan 2:24) x 
sifanlll hy SRE Z0? and for two rails in parallel 0° The resistance of 


0 
: 2.24 
8 mi. will therefore be “70 <8 = .256 ohm. Ans. 


LINE AND TRACK 


(PART 2) 


(1) See Art. 27. Illustrate by means of a sketch similar to 
Fig. 28. 


(2) The decrease in temperature is 40° F. and from Art. 4 the rail 
will contract .0000065 of its length for each degree, making a total 
change of .0000065 x 40 = .00026 of its length. A stress of 1,000 lb. 
per sq. in. will stretch steel .00003 of its length; hence, the stress in 

-00026 


the case must be 00003 < 1,000 "8,667 lb» Ans. 


(3) Its conductivity varies from 125 to 166 per cent. of that of an 
equal length of solid rail. See Table I. 
(4) From Table II, two No. 0000 bonds 1 ft. long are equivalent 


in resistance to 2.41 ft. of 80-lb. rail. Two bonds 18 in. in length will 


therefore be equivalent to 2.41 X zs = 3.62 ft., approximately. Ans. 


(5) (a) and (6). See Art. 24. 


(6) See Art. 28. A brief explanation illustrated by a sketch 
similar to Fig. 30 is required. 


(7) See Art. 31. Illustrate your explanation by referring to a 
sketch similar to Fig. 31. 


(8) (a) and (6). See Art. 33. 
(9) See Art. 56. 
(10) See Art. 46. 
(11) See Art. 50. 


(12) From .057 ampere per mile in wet weather to .023 ampere per 
mile in dry weather. This assumes that there are no leaky cables at 
highway crossings. See Art. 51. 
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(1) The total resistance of the track circuit, see Fig. 1, is .006 x 
5,280 
1,000 
= 22.8 volts. This leaves 110 — 22.8 = 87.2 volts for the drop e in the 
feeder and trolley wire. By substituting the proper quantities, Z = 5,280 
X 3 = 15,840 ft. and Z = 24 X 10 = 240 amperes, in formula 1, which is, 


cir. mils = =, the total number of circular mils required is obtained. 


10.8 X 15,840 X 240 
87.2 
has a cross-section of approximately 133,000 cir. mils. The number 


x3 = .095 ohm. The drop in the track circuit is .095 x 24 x 10 


ihasy eine mrs) = = 470,840. No. 00 trolley wire 


Seeder 
Trolley Wire \No 00 
Wh 


10 Cars bunched 
a Lid 


Fic. 1 


of circular mils required in the feeder, since the trolley wire and 
feeder are in parallel, is 470,840 — 133,000 = 337,840. A standard 
300,000-cir.-mil cable would probably be used. See Arts. 5 and 6. 


(2) See Art. 9. 


(8). See Art. 15. 


(4) Since the power station, see Fig. 2, is at the middle of the road, 
the resistance of the track circuit from the power house to either end is 
5,280 
.0035 1,000 
tow onerends 1s) Usi>a 2b <2. —s EI volts; ibis) leaves 100 — 1-1 
= 88.9 volts for the drop in the feeder and the two trolley wires. ‘The dis- 
tance is 5,280 * 2 = 10,560 ft., and by substituting in formula 1, we have 


- mils = 10:8 X 10,560 x 300 
cir. mus = 88.9 


x 2 = .0387 ohm, nearly. The drop in the track circuit 


= 384,864, approximately. The two 
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No. 00 trolley wires provide 2 X 133,000 = 266,000 cir. mils. Hence, 
the number of circular mils required in the feeder, since the trolley 
wire and feeder are in parallel, is 384,864 — 266,000 = 118,864. This 
is between a No. 0 and No. 00. It would be advisable to use the 
latter size. 


(5) See Art. 16. 
(6) See Arts. 17 and 18. 


(7) Points where current flows from the pipe or cable into the 
ground. See Art. 18. 


(8) By examining the layout of the road, see Fig. 3, and noting the 
loads on the three sections, it is seen that the maximum drop on the 
section supplied by feeder No. 7 will be at end e; on the section sup- 
plied by feeder No. 2, at end z; and on the remaining section, atend a. 


Trolley Wire No.00 


Eres2 


Hence, the drop at these points only need be considered. ‘The resist- 
ance of the track is .039 ohm per mile; hence, the following resistances 
will be used for calculating the drop in the track: 


For a 1,760-ft. section, pals X .0389 = .013 ohm 
For a 3,520-ft. secti ae 39 2 
3,52 . section, 5,280 X .039 = .026 ohm 
: 2,640 
For a 2,640-ft. section, 5 980 X .089 = .0195 ohm 
. 6.12200 
For a 2,200-ft. section, 5 980 x .089 = .0163 ohm 
For a 4,400-ft. section, aon xX .0389 = .0325 ohm 


Section No. 1.—The drop in the track from d to e is .0195 X 25 = .49 
volt, approximately, and in the track section cd, .089 X 50 = 1:95 volts. 
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The total drop in the track between c and e is therefore .49 + 1.95 
= 2.44 volts. The drop in the trolley wire from d to e is, since the 
current is 25 amperes and the cross-section of the trolley wire 133,000 
cir. mils, e = = fees Ans = 5.36 volts. From c to d the total 
cross-section is 266,000 cir. mils, and the current 50 amperes; hence, 
10.8 & 5,280 x 50 
266 ,000 
= 10.72 volts. The total drop from ¢ to e in track and overhead work 


the drop between c and d in the overhead work is e = 


Breaker 
as 


Fic. 3 


is then 2.44 + 5.36 + 10.72 = 18.52 volts. This leaves 50 — 18.52 
= 31.48 volts for the drop in outgoing and return feeders. ‘The total 
length of these is 2,000 ft. and the current 100 amperes; hence, for the 


; f 5 10.8 & 2,000 « 100 
No. 7 feeders, both outgoing and return, cir. mils = 31.48 


= 68,615. A No. 2 B. & S. wire will be nearly large enough, but it 
would be better to installa No.1. The distance in this case is quite 
short, and a comparatively small feeder can carry the current with the 
allowable limit. 

Section No. 2.—The drop in the section of track #7 is .013 X 25 
= .33 volt, approximately; and in section g/ .026 X 50 = 1.3 volts; 
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hence, total drop in track from g to7 is .33 + 1.3 = 1.63 volts. The 
drop in the trolley wire from / tozis, eé = ne 00 sates rt 3.57 volts; 
10.8 x 3,520 x 50 
266,000 
The total drop from g to 7 in overhead line work and track is thus 
1.63 + 3.57 + 7.14 = 12.34 volts, leaving 50 — 12.34 = 37 $6 volts for 
the drop in outgoing and return feeders No. 2. The length (both 
ways) of these feeders is 12,000 ft., and the current supplied 
10.8 X 12,000 x 100 
37.66 = 344,132. A 

350,000-cir.-mil cable will therefore be suitable for this section. 

Section No. 3.—Taking the car at a, the drop in the track from / toa 
is .0163 X 25 = .408, approximately. The drop from £ to / is .0325 X 50 
= 1.63 volts, approximately, and the total drop in the track .408 + 1.63 
= 2.038, or say, 2.04 volts. The drop in the trolley wire from / to a is, 
C= Ua ES “ean ae 4.46 volts; andfrométol,e = 2S rani xe 
= 8.93 volts. Thus, the total drop from & to a is 2.04 + 4.46 + 8.93 
= 15.43 volts, leaving 50 — 15.43 = 34.57 volts drop in outgoing and 
return feeders No. 3. The total length in feeders No. 3 is 11,200 ft., 
10.8 X 11,200 x 100 

34.57 

= 349,898. A cable of 350,000-cir.-mils cross-section will therefore be 
suitable for this section also. 


(9) See Art. 22. - 
(10) (a) and (6) See Arts. 42 and 43. 


(11) Describe, briefly, the method given in Art. 23 and explain 
by referring to a sketch similar to Fig. 11. 


(12) See Art. 47. 


= 7.14 volts. 


and in the overhead wires from g to h, é = 


100 amperes; hence, cir. mils = 


and the current 100 amperes; hence, cir. mils = 


(13) Describe the test given in Art. 21 and refer to a sketch 
similar to Fig. 10. 


(14) See Art. 24, 


MOTORS AND CONTROLLERS 


(1) See Art. 1. 


(2) For a speed of 16 mi. per hr., Table I, the revolutions per 
minute of the car axles mounted on 30-in. wheels will be 179.2. The 
speed of the motor armatures will therefore be 179.2 X 5.07 = 908.5 rev. 
DS Mii weANS See ALl. «a. 


(3) See Art. 7. 
(4) (a) and (0) See Art. 17. 


Y / 
(5) From formula 1, 7 = a ney, ”'. In this case, F’r = 400, 
a’ n 
/ 
dl! = 30, and ~ = 4.33; hence, F = ax x 4.33 = 1,385.6 lb. Ans. 


(6) See Art. 20. 
(7) See Art. 34. 
(8) See Art. 33. 
(9) See Arts. 49 and 57. 


(10) 720f-2y-T20-R, Rar Rt 
19-19-19-1-A,-A,-A,-A A,-A A,-A A,-3- 
eee Peed eta 
A ee a 
ieee, 
(11) See Art. 58. 
(10) WILE R-RER ER KRe 
pee ee Ae Aero ehh eR Eg ". z 
Ae { Wee) eed A ee ER 
é oA AA APPLE CE, \. r: 
Ie os { Pied eA ACHR AE, 


(13) See Arts. 76, 77, and 78. 


(14) See Art. 69. 
#40 


ELECTRIC-CAR EQUIPMENT 


(1) The total horsepower is 4 X 35 = 140, which is equivalent to 
140 X 746 = 104,440 watts. If the voltage is 500, the current will be 
104,440 + 500 = 208.88 amperes. From Table I, 40 per cent. of this 
full load current is to be taken; that is, .40 & 208.88 = 83.5, or say, 
84 amperes. From Table II, it is seen that No. 2 wire is the required 
size. Ans. 


(2) See Art. 10. 
(3) See Art. 17. 
(4) See Art. 18. 


(5) See Art. 25. A short description with reference to Fig. 27 is 
required. 


(6) (a) See Art. 28. 
(6) See Art. 31. 


(7) See Art. 36. 
(8) See Art. 42., 


(9) (a) See Art. 46. 
(6) See Art. 47. 


(10) See Art. 65. 
(11) See Art. 53. 
(12) (a), (6), and (c) See Art. 70. 
(13) See Art. 80. 


(14) (a) See Art. 80. 
(6) See Art. 83. | 
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MULTIPLE-UNIT SYSTEMS 


(PART 1) 


See Art. 
See Art. 
Deerarh. 
See Art. 
DeSean, 
See Art. 
See Art. 
mee Art, 
See Art. 


See Art. 
See Arts. 34 and 41. 
See Art. 
See Art. 
See Art. 


See Art. 


14. 
30. 
ol. 
ii 
33. 


38. 
35. 


40. 


40 and Figs. 27 and 28. 
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(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 
(14) 
(15) 


MULTIPLE-UNIT SYSTEMS 


(PART 2) 


See Arts. 3 and 21. 
Swe Jas, IE 

See Art. 22. 

See Art. 24. 

See Art. 5 
Dee ATL. 
See Art. 2 
See Art: 21. 

See schematic diagram, Fig. 28, and Art. 26. 
See Art. 28. 

See Art. 4. 

See Art. 8. 

See Art. 24. 

See Art. 24. 

See schematic diagram, Fig. 24, and Art. 30. 
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SINGLE-PH ASE RAILWAY 
SYSTEM 


(1) See Art. 17. 

(2) See Art. 4. 

(3) See Art. 62. 

(4) See Art. 87. 

(5) See Art. 3. 

(6) See Art. 91. 

(Cie See ATLo oO. 

(8) See Art. 24. 220 —20 = 200 amperes. Ans. 
(9) See Art: 12. 

(lO) Scent. 50: 

(11) See Arts. 87 and 95. 

(12) See Art..69. 

(13) See Art. 94.. 

(14) See Figs. 39 and 40, and Art. 74. 

(15) See Fig. 6 and Art. 15. 

(16) See Figs. 42 and 48, and Art. 84. 

(1) See Arts 28. 

(18}= See Art. 59. 

(19) See Figs. 26 and 27, and Arts. 31 to 36, inclusive. 
(20) See Art. 34. 
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INDEX 


Note.—All items in this index refer first to the section (see the Preface) and then to 
the page of the section. Thus, ‘Automatic air brakes, §41, p68’? means that automatic air 
brakes will be found on page 68 of section 41. 


A 


A.-C. motor, Arrangement of coils in, $51, p6. 
motor, Compensating field coil of, $51, p4. 
motor, General Electric GEA-605-A, 

$51, p23. 
motor, Locomotive type of, $51, p20. 
motor, Performance curves of, $51, pp20, 
25. 
motor, Reversal of current in, $51, p2. 
motor, Self-induction of, $51, p3. 
motor, Westinghouse type 132, $51, p16. 
motors, $51, p16; $40, p29. 
motors, Control of, $40, p74. 

Acceleration, Force required for, §36, p48. 
Train, §36, p46. 

Action of commutated coil in armature, 

§51, pl. 
of limit switches, $42, p82. 

Adhesion, Limit of, $36, p50. 

Adjuster, Automatic slack, $41, p66. 

Air-brake equipment, Storage, §41, p62. 
-brake lever system, $41, pd8. 
brakes, Automatic, $41, p68. 
brakes, Straight, $41, p42. 
compressor, $41, p43. 
compressors, Capacity of motor-driven, 

§41, p47. 
Alternating-current and direct-current con- 
troller, $51, pp39, 56. 
-current line construction, $51, p78. 

_ -current supply, $36, p27. 

American electric brake, §41, p78. 

Appliances, Electric car-heating, $41, p25. 
Motor-circuit, $41, pl. 

Arc-headlight circuit, §41, p32. 

Area of cross-section of steel rails, Rule to 

find, $37, p37. 

Armature, G. E. 51B, $40, p34. 

G. E. 52, $40, p34. 
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Armature—(Continued) 
G. E. 54, $40, p35. 
G. E. 55, $40, p35. 
E. 57, §40, p35. 
. E. 67, $40, p35. 
E. 800, $40, p33. 
. E. 1,000, §40, p34. 
of G. E. 52 motor, §40, p22. 
transformer action, $51, p7. 
Westinghouse No. 3, $40, p36. 
Westinghouse No. 12, or 12A, §40, p36. 
Westinghouse No. 38, or 38B, $40, p36. 
Westinghouse No. 49, $40, p36. 
windings for railway motors, $40, p32. i 
Arrangement of coils in A.-C. motor, §51, p6. 
of joints, $38, p35. 
Arresters, Lightning, $41, p17. 
Automatic air brakes, $41, p68. 
governor, $41, pp43, 53. 
relay control, Multiple-unit, $42, p35. 
relay control, Operation of, $42, p41. 
relay control, Wiring diagram of, $42, p41, 
slack adjuster, $41, p66. 
Autotransformer, $51, p26. 
Auxiliary equipment, $39, p28. 
winding for motor, $51, p4. 
Axle-driven compressor, $41, p43. 
Revolutions of car, $40, p3. 
B 
Base-supporting joints, $88, p2. 
Blacksmith shop, $39, p35. 
Board, Transit, §41, p22. 
Bodies and trucks, Car, $39, p36. 
Body, Selection of car, $39, p36. 
30nd, Plastic, §38, p19. 
tester, Conant, $38, p29. 
testing, $38, p27. 
with amalgamated contacts, Wire, §38, p21. 
Bonds, Protected, $38, p16. 
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Bonds—(Continued) 
Rail, $38, p14. 
Resistance of, §38, p22. 
Resistance of rail, $38, p25. 
Solid copper protected, $38, p17. 
Unprotected, $38, p16. 
Booster connections, $36, p20. 
Convertible, $36, p28. 
Economy of, $36, p25. 
feeders, $37, p6. 
Location of, $36, p25. 
used with high- and low-potential bus-bars, 
§36, p22, 
Boosters, §36, p17. 
Methods of driving, $36, p18. 
Output of, $36, p20. 
Bow trolley, $51, p76. 
Braces, or tie-rods, §$37,.p61. 
Rail chairs and, §37, p59. 
Brake cylinder, §41, pp43, 45. 
Double-truck, §41, p40. 
Electric, $41, p76. 
General Electric, §41, p76. 
Hana-, $41, p3s. 
Maximuni-traction, $41, p42. 
Releasing, $41, p75. 
rigging, Single-truck, §41, p38. 
Straight air, §41, p42. 
Westinghouse electric, $41, p77. 
Brakes, $41, p36. 
American electric, §41, p78. 
Automatic air, $41, p6s. 
Branch-off, Left-hand, $87, p52. 
-off, Right-hand, §37, p52. 
Breakers and switches, $41, p9. 
Brush holders, $40, p22. 
Bus-bars, High- and low-potential, $36, p15. 


Cc 


C-6 controller, $42, p9. 
C-18 controller, $42, p32. 
C-35 controller, $42, p35. 
C-40-A car-wiring diagram, $51, p62. 
controller, $51, p60. 
C-47 car-wiring diagram, $51, p66. 
master controller, $51, p66. 
Cables, Weather-proof feeder, $37, ps. 
Calculation, Examples of feeder, §39, p38. 
for a loop line, $39, p9. 
Calculations, Line, $39, pl. 
of distributed loads, Example of, $39, pS. 
Capacity of feeders, Carrying, $39, p15. 
of feeders, Current-carrying, $39, p16. 
of G. E. 52 motor, $40, p21. 
of motor-driven air compressors, $41, p47. 
Service, $40, p5. 
Car axle, Revolutions of, $40, p3. 


Car—(Continued) 
bodies and trucks, $39, p36. 
body, Selection of, §39, p36. 
circuit-breaker, $41, p10. 
circuit-breaker, General Electric, $41, p11. 
circuit-breaker, Westinghouse, §41, p12. 
fuse, Westinghouse, $41, p14. 
-heating appliances, Electric, $41, p25. 
house, $39, p28. 
house, Wiring of, $39, p30. 
lighting, Electric-, $41, p29. 
-wiring diagram, C-40-A, §51, p62. 
-wiring diagram, C-47, $51, p66. 
-wiring diagram for 251-C switch group, 
$42, p79. 
-wiring diagram for unit-switch control, 
$42, p72. 
-wiring diagram of A.-C. unit-switch con- 
trol, $51, p47. 
-wiring diagram, T-33-A, $51, p57. 
-wiring diagram, Westinghouse unit-switch 
control, schedule I, §42, p83. 
-wiring diagram, Westinghouse unit-switch 
control, schedule F-1, §42, p79. 
-wiring requirements, $41, p21. 
Carpenter shop and mill, $39, p34. 
Carrying capacity of feeders, $39, p15. 
Cars on city roads, Power consumption of, 
$36, p62. 
per train, Several motor, §42, p2. 
Power consumption of, §36, p59. 
Weights of, §36, p41. 
Cast welded joints, $38, p4. 
Catenary construction, Single-, §51, p78. 
Center of load, General rule for locating, §36, 
p40. 
-pole construction, $37, p15. 
Change in gear-ratio, Effect of, $40, p13. 
in gear-ratio, Effect on speed of, $40, p11. 
in gear-ratio, Effect on tractive effort of, 
. $40, p12. 
in wheel diameter, Effect of, $40, p13. 
Channel plates, $38, p2. 
Characteristic, Speed,:$40, p8. 
Tractive effort, $40, p9. 
Characteristic, Heating, §40, p15. 
Motor, $40, p7. 
Charging train line, $41, p73. 
Circuit, Arc-headlight, $41, p32. 
-breaker, General Electric car, $41, pll. 
-breaker, Multiple-unit, $42, p39. 
-breaker, Westinghouse car, $41, p12. 
-breakers, Car, $41, p10. 
-breakers, Line, $37, p32. 
Testing resistance of track-return, $38, p83. 
Circuits, Incandescent lighting, §41, p29. 
City roads, $36, p61; §38, p37. 
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Classes of trucks, $39, p3s. 


Coil, Action of commutated armature, $51, 


pll. 
General Electric grid, $41, p20. 
Lundie grid, $41, p21. 
Preventive-reactance, $51, p34. 
Westinghouse grid, $41, p21. 
Westinghouse resistance, $42, p66. 
Westinghouse starting, $41, pls. 
Coils, Field, §40, pp21, 36. 
Resistance, $41, pls. 
Collectors, Current, $51, p72. 
Combination joints, $38, p13. 


Commutated coil in armature, Action of, $51 


pli. 

Commutator room, §39, p33. 
Comparison of traction methods, $42, pl, 
Compensating field coil, $51, p4. 
Composition, Rail, $37, p38. 
Compound curves, §37, p56. 
Compressor, $41, p44. 

Axle-driven, $41, p43. 


equipment, Independent motor-driven, §41, 


p44. 
Independent motor-driven, $41, p43. 
Conant bond tester, $38, p29. 
field-coil tester, $40, p38. 
Conductor rails, Steel for, $37, p39. 
Working, $37, p3. 
Conduit roads, $38, p51. 
system, Open, $36, p8. 
Connection boxes, Multiple-unit, $42, p21. 
Connections and heaters, Electric, $41, p25. 
for substations, $51, p88. 
of unit-switch control system, $42, p66. 
Pipe, $41, p43. 
Trunk, §41, pl. 


Construction, Alternating-current line, $51, 


p7s. 

Center-pole, §37, p15. 

Double-catenary, $51, p83. 

Field frame, $40, p1s. 

of span wire, $37, pll. 

of special work, $37, p53. 

R11 controller, $40, p41. 

Side-bracket, $37, p15. 

Single-catenary, $51, p78. 

Track, §38, p34. 
Contactors, Multiple-unit, $42, p14. 
Continuous joint, $38, p2. 


Control, AJternating-current and direct-cur- 
rent, Westinghouse schedule T, unit- 


switch, $51, p51. 


> Alternating-current and direct-current, 
Westinghouse schedule T-1, unit-switch, 


$51, p53. 
Automatic relay, $42, p35. 
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Control—(Continued) 
cables, Multiple-unit, $42, p25. 
Car-wiring diagram for unit-switch, §42, 
pyPhew a’ 
Connections of unit-switch, $42, p66. 
General Electric, $40, p77. 
of alternating-current motors, $40, p74. 
of the speed of a car, $51, p29. 
Operation of unit-switch, $42, p66. 
Rheostatic, $40, p40. 
Series-parallel, $40, p50. 
Speed, $40, p40. 
Unit-switch system, schedule F-1, $42, p74. 
Westinghouse, $40, p74. 
Westinghouse unit-switch, $42, p51. 
Westinghouse unit-switch, alternating-cur- 
rent, $51, p46. 
Controller, €-6, $42, p9. 
C-18, §42, p32. 
C-35, $42, p35. 
C-40-A, $51, p60. 
C-47 master, $51, p66. 
car-wiring diagram, Type 224, §51, p38. 
Car-wiring diagram, Type 455, §51, p39. 
Direct-current and alternating-current, $51, 
pp39, 56. 
General Electric T-33, $51, p56. 
K2, $40, p52. t 
K6, $40, p62. 
K12, $40, pds. 
K14, $40, p64. 
K27, $40, p67. 
L2, $40, p69. 
L4, §40, p74. 
Master, $42, p9. 
Operation of, §40, p44. 
positions, Multiple-unit, §42, p13. 
R11, $40, p41. 
room, $39, p33. 
Type 334-A, §51, p46. 
Types of series-parallel, §40, p51. 
Westinghouse type 224, $51, p34. 
Wiring diagram for type 224 hand, $51, p35. 
Controllers and motors, $40, pl. 
Car with two rheostatic, $40, p47. 
K10 and K11, $40, p58. 
Convertible booster, $36, p23: 
Copper trolley wire, Hard-drawn, §38, p10. 
-wire fuse, Rule to find size of, $41, p15. 
Cost of power, $36, p64. 
of power for electric railways, §36, p65. 
Coupler, Westinghouse train-line, $42, p61. 
Coupling devices, Multiple-unit, $42, p22. 
Cradle suspension, Westinghouse, $39, p48. 
Cross-bonding, $38, p24. 
-over, Right-hand or left-hand, $37, p52. 
-overs, Trolley-wire, § 37, p3l. 
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Cross—(Continued) 
-section and weight of rails, §37, p37. 
-section of steel rails, To find area of, §37, 
p37. 
Crossing, Connecting curve and, $37, p52. 
Current-carrying capacity of feeders, §39, 
pl6. 
collection, Methods of, $36, p3. 
collectors, $51, p72. 
in pipe, Method of measuring, $39, p27. 
-limit relay, Multiple-unit, $42, p37. 
Methods of supplying, $36, pl. 
on metals, Electrolytic effect of, §39, p19. 
Currents, Electrolysis due to railway, §39, 
p21. 
Curve and crossing, Connecting, $37, p52. 
Plain, §37, p52. 
Reverse, $37, p52. 
Curves, $37, p56. 
Compound, §37, p56. 
Erection of wire at, $37, p22. 
of A.-C. motor, Performance, $51, pp20, 25. 
Simple, $37, p56. 
Transition, $37, p56. 
Transition, or compound, $87, p57. 
Cut-out switch, Multiple-unit, §42, pp24, 39. 
-out switches, $40, p73. 
-out switches, Motor, $40, pd6. 
Cylinder, Brake, $41, pp43, 55. 
Reverse, $40, p43. 
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Designation of special work, $37, p52. 
Determining the load center, $36, p37. 
Device, Interlocking, $40, p43. 
Diagram, C-40-A car-wiring, $51, p62. 
C-47 car-wiring, $51, p66. 
for type M control, Wiring, $42, p26. 
Heater-wiring, $41, p27. 
of car wiring for A.-C. unit-switch control, 
$51, p47. 
of controller wiring for type 224 hand con- 
troller, $51, p35. 
of type 224 controller car wiring, $51, p38. 
of type 455 controller car wiring, $51, p39. 
T-83-A car-wiring, $51, p57. 
Wiring, K2 controller, $40, p54. 
Diamond turnout, $387, p52. 
Dimensions and weights of standard T-rails, 
$87, p45. 
Direct-current and alternating-current con- 
troller, $51, pp39, 56. 
-current motors, $40, p16. 
current, Operation by, $36, p15. 
Distributed load, Calculations for, $39, pS. 
load, Effect of, $39, p7. 
Diverter, $41, p18. 


Double-catenary construction, §5I, p83. 
-truck brakes, $41, p40. 
trucks, $39, p38. 

Drop-of-potential test, §38, p27. 

Duplex gauge, $41, p50. 
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Economical use of feeders, §39, pl. 
Economy of booster, $36, p25. 
Effect of change in gear-ratio, $40, p13. 
of change in wheel diameter, $40, p13. 
of current on metals, Electrolytic, $39, p1¢ 
of distributed load, $39, p7. 
of grades, $36, p43. 
of increase in voltage, §40, p9. 
on speed of change in gear-ratio, §40, p11. 
on tractive effort of change in gear-ratio, 
$40, p12. 
Effects of low voltage, $39, p16. 
Electric brakes, $41, p76. 
-car equipment, $41, pl. 
-car heating appliances, $41, p25. 
-car lighting, $41, p29. 
heaters and connections, §41, p25. 
-railway feeders, $37, p3. 
-railway systems, $36, pl. 
railways, Cost of power for, §36, p65. 
railways, Equipment of, §36, p63. 
roadbeds, Methods of installing, §38, p35. 
Electrically welded joint, $38, pd. 
Electrobestos, §41, p22. 
Electrolysis, $39, p18. 
due to railway currents, $39, p21. 
Prevention of, $39, p25. 
Principles of, §39, p18. 
Systems free from, $39, p28. 
Testing for, §39, p23. 
Electromagnetic, or surface-contact, sys- 
tems, $36, p10. 
Emergency position, $41, p46. 
reduction, §41, p73. 
stop, $41, p46. 
stop, Making an, $41, p74. 
Enclosed fuses, $41, p15. 
Engineer’s valve, $41, pp43, 46, 71. 
Equipment, Auxiliary, $39, p28. 
Electric-car, $41, pl. 
Examples of railway, §36, p63. 
Independent motor-driven compressor, 
$41, p44. 
of electric railways, $36, p63. 
Operation of, $41, p60. 
Parts of straight air, §41, p43. 
Storage air-brake, §41, p62. 
Erection of wire at curves, $87, p22. 
Example of calculations for distributed load, 
$39, ps. 
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Examples of feeder calculation, $39, p3. 
of incandescent lighting circuits, $41, p29. 
of railway equipment, $36, p63. 
Excess pressure, Value of, $41, p75. 
Expansion, Rail, $38, p3. 
Extension, Influence of future, $36, p35. 
¥F 


Feeder cables, Weather-proof, $37, ps8. 
calculation, Examples of, $39, p3. 
Current-carrying capacity of, $39, p16. 
-ear wire hanger, $37, p28. 
insulators, $37, p34. 
splicing, $37, p32. 

Feeders, Booster, $37, p6. 

Carrying capacity of, $39, p15. 

Connecting, to trolley wire, $37, p35. 

Economical use of, $39, pl. 

Electric-railway, $37, p3. 

Overhead, $37, ps. 

Return, $38, p24. 

Small road with return, $39, p13. 

Trolley wire and, $37, p21. 

Feeding, General methods of, $37, p3. 

Field coil, Compensating, $51, p4. 

-coil tester, Conant, $40, p3s. 

coils, $40, pp21, 36. 

-frame construction, $40, pls. 
Fish-plates, or splice bars, $38, p2. 
Fittings, Overhead-trolley, $41, p4. 
Force required for acceleration, §36, p48. 

required to move car on level track, $36, p42. 

Form of third rail, $38, p41. 

Formula to find the weight of rails required 

per mile of track, $37, p39. 

Formulas for power estintates, $36, p42. 
for track resistance, $37, p40. 

Foundation rigging, §41, p43. 

Frogs, Trolley-wire, $37, p29. 

Fuse, Rule to find size of copper-wire, 

$41, pl5. 

Westinghouse car, $41, pl4. 

Fuses, $41, p14. 

Enclosed, $41, p15. 

G 

G. E. 51B armature, $40, p34. 

52 armature, $40, p34. 

52 motor, $40, p18. 

54 armature, $40, p36. 

55 armature, $40, p35. 

57 armature, $40, p35. 

67 armature, $40, p35. 

69 motor, $40, p26. 

70 motor, $40, p23. 

800 armature, $40, p33. 

1,000 armature, $40, p34. 

Gauge, Pressure, § 41, p43. 


Gauge—(Continued) 
Standard track, §37, p50. 
Gear-ratio, $40, p2. 
-ratio, Effect of change in, $40, p13. 
-ratio, Effect on speed of change in, 
$40, p11. 
-ratio, Effect on tractive effort of change 
in, $40, p12. 
ratio, motor torque, speed, and tractive 
effort, Relation between, $40, p9. 
General Electric brake, $41, p76. 
Electric car circuit-breaker, §41, p11. 
Electric control, $40, p77. 
Electric GEA-605-A motor, $51, p23. 
Electric grid coil, §41, p20. 
Electric multiple-unit system, Sprague-, 
$51, p60. 
Electric surface-contact system, $36, p11. 
Electric T-33 controller, $51, p56. 
Girder rails, $37, p47. 
rails, T and, $37, p42. 
Governor, Automatic, $41, pp43, 53. 
Grades, Effect of, §36, p43. 
Grid coil, General Electric, §41, p20. 
coil, Lundie, §41, p21. 
coil, Westinghouse, §41, p21. 
Grinding room, $39, p35. 
Groove rails, $37, p42. 
Guard rails, $37, pds. 
rails, curves, and special work, §37, p51. 
wires, §37, p24. 
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Hand-brake lever system, §41, p60. 
-brakes, $41, p38. 
Hanger, Feeder-ear wire, $37, p28. 
for single-catenary construction, $51, p81. 
Hangers, Plain-ear wire, $37, p27. 
Strain-ear wire, §37, p27. 
Hard-drawn copper trolley wire, $37, p10. 
Harp, $41, p4. 
Pole, wheel, and, $41, p6. 
Headlight, Circuit of arc, $41, p32. 
Heater switch, §41, p25. 
type of panel, $41, p27. 
-wiring diagram, $41, p27. 
Heaters and connections, Electric, $41, p25. 
Heating characteristics, $40, p15. 
system, Starting-coil, $41, p29. 
Various systems of, §41, p28. 
High- and low-potential bus-bars, $36, p15. 
and low-potential bus-bars, Booster used 
with, $36, p22. 
Highway crossings, Arrangement of third 
rail at, $38, p45. 
Holders, Brush, $40, p22: 
Hood switches, $41, p9. ‘ 
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Hose, Insulation, §41, p60. 
Hot-water system, $41, p28. 
House, Car, $39, p28. 
Wiring of car, $39, p30. 
: ig 


Incandescent lighting circuits, $41, p29. 
Increase in voltage, Effect of, $40, p9. 
Independent motor-driven compressor, $41, 
p43. 
motor-driven compressor equipment, §41, 
p44. . 
Index wheel, or star wheel, $40, p43. 
Insulation hose, $41, p60. 
Insulators, $37, p25. 
Feeder, $37, p34. 
Section, §37, p31. 
Third-rail, §38, p48. 
Interlocking device, $40, p43. 
Interurban roads, $36, p58; $388, p36. 
Iron poles, Approximate weights of, $37, p19. 
J 
Joint, Continuous, §38, p2. 
Electrically welded, $38, p5. 
plates, $38, p2. 
Weber, §38, p3. 
Zinc, $88, pll. 
Joints, Arrangement of, $88, p35. 
Base-supporting, $38, p2. 
Cast welded, $38, p4. 
Combination, $38, p13. 
Rail, $38, pl. 
Resistance of electrically welded rail, $38, 
pd. 
Thermit, $88, p9. 
K 
K2 controller, $40, p52. 
K6 controller, $40, p62. 
K10 and K11 controllers, $40, p58. 
K12 controller, §40, pds. 
K14 controller, $40, p64. 
K27 controller, $40, p67. 
L 
L2 controller, $40, p69. 
L4 controller, §40, p74. 
Lap position, §41, p46. 
Leakage, Third-rail, $38, p49. 
Left-hand branch-off, $37, p52. 
Lever system, Air-brake, $41, p5s. 
system, Hand-brake, $41, p60. 
Lighting, Electric-car, §41, p29. 
circuits, Incandescent, $41, p29. 
Lightning arresters, $41, p17. 
arresters, Line, $87, p36. 
Limit of adhesion, $36, p50. 
switch, Westinghouse, $42, p62. 
switches, Action of, $42, p82. 
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Line, §37, pl. 
and track, §37, pl; §38, pl. 
calculations, §39, pl. 
calculations for a loop, §39, p9. 
circuit-breakers, $37, p32. 
construction, Alternating-current, §51, p78. 
fittings and line erection, $37, p21. 
lightning arresters, §37, p36. 

Power house in middle of, $39, p6. 
relay, Westinghouse, $42, p66. 
switch, Westinghouse, $42, pp63, 78. 
work, Overhead, §37, pl. 

Load center, Determining the, $36, p37. 
Effect of distributed, §39, p7.- 
Example of calculations for distributed, 

$39, p8. 

Locomotive type of motor, $51, p20. 

Loop line, Calculations for a, $39, p9. 

Lorain system, $36, p13. 

Low voltage, Effects of, $39, p16. 

Lundie grid coil, $41, p21. 


M 


Machine shop and pit room, §39, p31. 

Main reservoir, §41, p43. 

Making a service stop, $41, p74. 
an emergency stop, $41, p74. 

Master controller, §42, p9. 
controller, Westinghouse, §42, p55. 

Maximum-traction brakes, $41, p42. 
-traction trucks, $41, p42. 

Measuring current in pipe, Method of, §39, 

p27. 

Metal, Electrolytic effect of current on, §39, 

plg. 

Method of suspending motors on truck, $39, 

p46. 

Middle of line, Power house in, $39, p6. 

Mill and carpenter shop, $39, p34. 

Motor action, Theory of A.-C., $51, pl. 
armature, Transformer action of, $51, p7. 
Arrangement of coils in A.-C., $51, pé. 
Auxiliary winding for, §51, p4. 
cars per train, Several, $42, p2. 
characteristics, $40, p7. 

-circuit appliances, $41, pl. 

-circuit rheostat, Multiple-unit, $42, p26. 

-control cut-out switch, Westinghouse, $42, 
p7s. 

cut-out switch, Westinghouse, $42, p42. 

cut-out switches, $40, p56. 

-driven air compressors, Capacity of, §41, 
p47. 

G. E. 52, $40, pis. 

G. E. 69, $40, p26. 

G. E. 70, §40, p23. 

General Electric GEA-605-A, §51, p28. 
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Motor—(Continued) 
Locomotive type of, $51, p20. 
lubrication, $40, p30. 
Neutralizing winding for, $51, p4. 
Self-induction of A.-C., $51, p3. 
torque, gear-ratio, speed, and tractive 
effort, Relation between, $40, p9. 
Westinghouse No. 56, $40, p27. 
Westinghouse No. 86, $40, p27. 
Westinghouse type 182, $51, p16. 
windings, Voltage relations in parts of, 
$51, p12. 
Motors, Alternating-current, §40, p29; $51, 
pl6. 
and controllers, $40, pl. 
Control of alternating-current, §40, p74. 
Direct-current, $40, p16. 
on truck, Method of suspending, $39, p46. 
Output of railway, $40, p18. 
Rating of, $40, pd. 
Selection of, §40, p4. 
Single-phase, $36, p29. 
Street-railway, $40, pl. 
Types of, $40, p16. 
Multiple-unit, automatic relay control, §42, 
p35. : 
-unit, automatic relay control, Operation 
of, $42, p41. 
-unit, automatic relay control, Wiring dia- 
gram of, $42, p41. 
-unit C-35 controller, $42, p35. 
-unit circuit-breaker, §42, p39. 
-unit connection boxes, $42, p21. 
-unit contactors, $42, pl4. 
-unit control cables, $42, p25. 
-unit control circuit rheostat, $42, p26. 
-unit control, Description of apparatus for, 
$42, pé. 
unit control, Type M, $42, p6. 
-unit controller, $42, p9. 
-unit controller, C-6, §42, p9. 
-unit controller, C-18, $42, p32. 
-unit controller positions, $42, p13. 
-unit coupling devices, $42, p22. 
-unit current-limit relay, $42, p37. 
-unit cut-out switch, $42, pp24, 39. 
-unit motor-circuit rheostat, $42, p26. 
-unit potential relay, $42, p38. 
-unit reverser, $42, p18. 
-unit system, Definition of, $42, p3. 
-unit system, Elementary operating prin- 
ciples of, $42, p3. 
-unit system, Operation of type M, $42, 
p26. 
-unit system, Sprague-General Electric, 
$42, p6; §51, p60. 
-unit train cable, $42, p40. 


Multiple—(Continued) 
-unit type M control, Wiring diagram for, 
$42, p26. 
-unit, Westinghouse, control, §42, p51. 
-unit wiring diagram of type M control 
with current-limiting device, $42, p32. 
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Neutralizing winding for motor, $51, p4. 
Nuttal trolley stand, $41, p5. 
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Offset in trolley wire, §37, p23. 
Open-conduit system, $36, pS. 
Operating principles of elementary multiple- 
unit system, $42, p3. 
Operation of controller, $40, p44. 
of equipment, $41, p60. 
of pantagraph trolley, $51, p74. 
of reverse switch, $40, p47. 
of the automatic relay control, $42, p41. 
of type M control with current-limiting 
device, $42, p32. 
of type M multiple-unit system, $42, p26. 
of unit-switch control, $42, p66. 
Output of railway motors, $40, p18. 
Overcharging train line, $41, p73. 
Overhead feeders, §37, p8. 
line work, $37, pl. 
-trolley fittings, $41, p4. 
-trolley system, $36, p4. 
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Paint shop, $39, p84. 
Panel heater, Type of, $41, p27. 
Pantagraph trolley, $51, p72. 
trolley, Operation of, §51, p74. 
Parts of straight air equipment, §41, p43. 
Performance curves of A.-C. motor, §5l, 
pp20, 25, 
Pieces, Pole, $40, p21. 
Pipe connections, $41, p43. 
Methods of measuring current in, §39, p27. 
Piping system, $41, p60. 
Pit room and machine shop, $39, p31. 
Plain curve, §37, p52. 
-ear wire hangers, §37, p27. 
‘he §37, p52. 
Plastic bond, $38, p19. 
Plates, Channel, §38, p2. 
Joint, §88, p2. 
Pole pieces, $40, p21. 
Harp, and wheel, §41, p6. 
Poles, §37, p17. 
Approximate sizes and weights of wooder, 
§37, pls. 
Approximate weights of iron, §387, p19. 
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Poles— (Continued) 

Setting wooden, $37, p18. 

Tubular steel, §37, p19. 

Wooden, $37, p17. 

Polyphase transmission, §36, p27. 

Position, Quick-release, §41, p48. 

Potential relay, Multiple-unit, $42, p3s. 

Power consumption of cars, §36, p59. 
consumption of cars on city roads, §36, p62. 
consumption tests, $36, p58. 

Cost of, $36, p64. 

estimates, $36, p40. 

estimates, Formulas for, §36, p42. 

for electric railways, Cost of, §36, p65. 

house, $36, p33. 

house in middle of line, $39, p6. 

house, Location of, §36, p33. 
Pressure gauge, $41, pp43, 50. 

of wheel on wire, $41, p8. 

Value of excess, $41, p75. 
Prevention of electrolysis, $39, p25. 
Preventive-reactance coil, $51, p34. 

resistance, $51, p34. 

Principles of electrolysis, $39, p18. 
Protected bonds, $38, p16. 
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R11 controller, $40, p41. 
Rail-bond tests, Results of, $38, p32. 
bonds, $38, pl4. 
bonds, Resistance of, $38, p25. 
chairs and braces, $37, p59. 
composition, $37, p38. 
expansion, $38, p33. 
joints, $38, pl. 
joints, Resistance of electrically welded, ’ 
$38, p9. 
resistance, $37, p43. 
return, $37, p2. 
sections, §37, p42. 
Rails, §37, p37. 
Composition of track, $87, p87. 
Cross-section and weight of, $87, p37. 
Girder, $37, p47. 
Groove, $37, p42. 
Guard, §37, pds. 
required per mile of track, Weight of, $87, 
p39. 
Resistance of track, $37, p39. 
Rule to find area of cross-section of steel, 
§37, p87. 
Steel, for conductor, $37, p39. 
T and girder, $37, p42. 
Tram, §87, p42. 
Weights and dimensions of standard T, $37, 
p45. 
with conical tread, $37, p50. 
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Railway currents, Electrolysis due to, §39, 
p21. 
equipment, Examples of, §36, p63. 
motors, Armature windings for, $40, p32. 
motors, Output of, $40, p18. 
Railways, Cost of power for electric, §36, 
p65. 
Equipment of electric, §36, p36. 
Rating of motors, §40, p5. 
Recharging train line, $41, p73. 
Reducing valve, The, §41, p64. 
Reduction, Speed, §40, p2. 
Relation between motor torque, gear-ratio, 
speed, and tractive effort, $40, p9. 
Relay, Multiple-unit current-limit, §42, p37. 
Westinghouse line, $42, p66. 
Releasing brakes, $41, p75. 
Repair shop, $39, p31. 
Requirements, Car-wiring, §41, p21. 
Reservoir, $41, p57. 
Main, $41, p43. 
Service, $41, p44. 
Resistance coil, Westinghouse, $42, p66. 
coils, §41, p18. 
Formulas for track, §37, p40. 
of bonds, $38, p22. 
of electrically welded rail joints, §38, p9. 
of rail bonds, §38, p25. 
of track rails, $37, p39. 
of track-return circuit, Testing, $38, p33. 
Preventive, §51, p34. 
Rail, §37,'p43. 
Train, $36, p52. 
Return feeders, $38, p24. 
feeders, Small road with, $39, p13. 
Rail, $37, p2. 
Reversal of current in A.-C. motor, $51, p2. 
Reverse curve, $37, p52. 
cylinder, $40, p43. 
switch, Operation of, $40, p47. 
switch, Westinghouse, $42, p59. 
Reverser, Multiple-unit, $42, p1s. 
Revolutions of car axle, §40, p3. 
Rheostat for multiple-unit control circuit, 
$42, p26. 
Multiple-unit motor-circuit, $42, p26. 
Rheostatic control, $40, p40. 
controllers, Car with two, §40, p47. 
Rigging, Foundation, $41, p43. 
Right-hand branch-off, $37, p52. 
Road fed from one end, $39, pd. 
Roadbeds, Methods of installing electric, 
$38, p35. 
Typical, §38, p36. 
Roads, City, $36, p61; §88, p37. 
Conduit, $38, p51. 
Interurban, §36, p58; §38, p36. 
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Roads—(Continued) 
Surface-contact, §38, p55. 
Third-rail, §38, p41. 

Room, Commutator, §39, p33. 
Controller, §39, p33. 
Grinding, $39, p35. 
Winding, §39, p32. 

Rule to find area of cross-section of steel 

rails, §37, p37. 
Running position, $41, p48. 
travel, $41, p66. 


Schedule F-1, unit-Switch control, $42, p74. 
I, unit-switch control, §42, p83. 
T, Westinghouse unit-switch, alternating- 
current and direct-current control, 


$51, p51. 

T-1, Westinghouse unit-switch, alter- 
nating-current and direct-current control, 
$51, p53. 


Section insulator for single-catenary con- 
struction, $51, p83. 
insulators, $37, p31. 
Sectional third rail, §36, p14. 
Sections, Rail, $37, p42. 
Selection of car body, $39, p36. 
of motors, $40, p4. 
Self-induction of A.-C. motor, $51, p3. 
Series-parallel control, $40, p50. 
-parallel controller, ‘'ypes of, $40, p51. 
Service capacity, $40, pd. 
position, §41, p46. 
reduction, $41, p73. 
reservoir, $41, p44. 
stop, $41, p46. 
stop, Making a, §41, p74. 
Setting wooden poles, §37, p18. 
Shop, Blacksmith, $39, p35. 
Mill and carpenter, $39, p34. 
Paint, §39, p34. 
Repair, $39, p31. 
Side-bracket construction, §37, p15. 
bracket for single-catenary construction, 
§51, p80. 
Siding, §37, p52. 
Signal system, Simple, §41, p35. 
Signals, Track, $41, p34. 
Simple curves, $37, p56. 
Single-catenary construction, $51, p78. 
-ecatenary construction, Cross-span for, 
$51, p80. 
-catenary construction, 
$51, p81. 
-eatenary construction, Section insulator 
for, $51, p83. 
-catenary construction, Side bracket for, 
§51, p80. 


Hanger for, 


Single—(Continued) 
-phase motors, $36, p29. 
-phase transmission, $36, p29. 
-truck brake rigging, $41, p38. 
trucks, §39, p38. 
Size of copper-wire fuse, Rule to find, §41, p15. 
of trunk wires, $41, p24. 
Sizes and weight of wooden poles, Approxi- 
‘ mate, §37, pls. 
Slack adjuster, Automatic, §41, p66. 
Sleet cutters for third rail, $38, p49. 
wheel, §41, ps8. 
Slow release, $41, p48. 
Small road with return feeders, §39, p13. 
Solid copper protected bonds, §38, p17. Fi 
Span wire, §37, p25. 
-wire construction, $37, p11. 
Special work, Designation of, $87, p52. 
Speed characteristic, $40, p8. 
control, $40, p40. 
control of car, $51, p29. 
Effect on, of change in gear-ratio, §40, p11. 
motor torque, gear-ratio, and tractive 
effort, Relation between, §40, p9. 
reduction, §40, p2. 
Splice bars, or fish-plates, §38, p2 
Splicing, Feeder, §37, p32. 
trolley wires, $37, p33. 
Sprague-General Electric multiple-unit sys- 
tem, §42, p6; $51, p60. 
Spring base, §41, p4. 
Stand, Nuttal trolley, §41, pd. 
Union trolley, §41, pb. 
Standard T rails, Weights and dimensions 
of, §37, p45. 
track gauge, §37, p50. 
Standing travel, $41, p66. 
Star wheel, or index wheel, §40, p43. 
Starting-coil heating system, §41, p29. 
coil, Westinghouse, §41, p18. 
Station record, §36, p64. 
Steel for conductor rails, §37, p39. 
poles, Tubular, §37, p19. 
Stop, Making a service, §41, p74. 
Making an emergency, §41, p74. 
Stops, Influence of, on power consumption 
of cars, $36, p59. 
Storage air-brake equipment, §41, p62. 
air system, $41, p43. 
-battery systems, $36, p14. 
Straight air brakes, $41, p42. 
air equipment, Parts of, $41, p43. 
Strain-ear wire hangers, $37, p27. 
Street-railway motors, §40, pl. 
Substation connections, §51, p88. 
Substations, $51, p86. 
Supply, Alternating-current, $36, p27. 
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Surface-contact, or electromagnetic sys- 
tems, §36, p10. 

-contact roads, §38, p&&. 

-contact system, General Electric, §36, p11. 
Suspension, Westinghouse cradle, §39, p48. 
Suspensions, Trolley-wire, $87, p26. 

Switch group, Car-wiring diagram for 251-C, 
§42, p79. 3 

Heater, $41, p25. 

_Multiple-unit cut-out, $42, p39. 

Operation of reverse, $40, p47. 

Type of, $41, p9. 

Westinghouse limit, $42, p62. 

Westinghouse line, §42, pp63, 78. 

Westinghouse motor-control cut-out, $42, 

p78. 

Westinghouse reverse, $42, p59. 

Switches and breakers, $41, p9. 

Cut-out, §40, p73. 

Hood, $41, p9. 

Motor cut-out, $40, p56. 

Westinghouse unit, §42, p51. 

System, Hot-water, §41, p28. 

Piping, $41, p60. 

Simple signal, $41, p35. 

Starting-coil heating, $41, p29. 

Systems free from electrolysis, §39, p28. 
of heating, $41, p28. 
se 
T-33 controller, General Electric, $51, p56. 
T-33-A car-wiring diagram, $51, p57. 
T rails and girder rails, $37, p42. 
rails, Weights and dimensions of standard, 
$37, p45. 
Table of approximate sizes and weights of 
wooden poles, §37, p18. 

of approximate weights of iron poles, $37, 

ply. 

of capacity of motor-driven air compres- 

sors, $41, p47. 

of cost of power for electric railways, $36, 

pos. 

of current-carrying capacity of feeders, 

$39, p16. 

of electrolytic effect of current on metals, 

$39, p19. 

of equipment of electric railways, $36, p63. 

of hard-drawn copper trolley wire, $37, 

plo. 

of lengths of rail equal in resistance to 

bond 1 foot long, $38, p23. 

of output of railway motors, $40, pls. 

of power consumption of cars, $36, p59. 

of power consumption of cars on city 

roads, $86, p62. 

of rail composition, $37, p38. 
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Table—(Continued) 
of rail resistance, §37, p43. 
of resistance of electrically welded rail 
joints, $38, p9. 
of resistance of rail bonds, §38, p25. 
of results of rail-bond tests, §38, p32. 
of revolutions of car axles, $40, p3. 
of size of trunk wires, §41, p24. 
of weather-proof feeder cables, §37, p8. 
of weights and dimensions of standard 
T rails, §37, p45. 
of weights of cars, $36, p41. 
Telltale, §41, p16. 
Tension on trolley wire, §37, p24. 
Test, Drop-of-potential, $38, p27. 
Tester, Conant bond, §38, p29. 
Conant field-coil, $40, p3s. 
Testing, Bond, $38, p27. 
* for electrolysis, $39, p23. 
resistance of track-return circuit, $38, p33. 
Tests, Power consumption, $36, p58. 
Theory of A.-C. motor action, $51, pl. 
Thermit joint, $38, p9. 
Third rail at highway crossings, $38, p45. 
rail, Form of, $38, p41. 
-rail insulators, $38, p48. 
-rail leakage, $38, p49.. 
rail, Location of, $38, p42. 
rail, Protection of, $38, p43. 
-rail roads, §38, p41. 
rail, Sectional, $36, p14. 
rail, Sleet cutters for, $38, p49, 
-rail system, $36, p6. 
Three-part Y, §37, p52. 
Through Y, $37, p52. 
Thrown-over turnout, $37, p52. 
Tie-rods, or braces, $37, p61. 
Ties, $88, p34. 
Track construction, $38, p34. 
Electric, $37, p36. 
gauge, Standard, $37, p50. 
Line and, $37, pl; §38, pl. 
rails, Resistance of, $37, p39. 
resistance, Formulas for, $37, p40. 
return circuit, Testing resistance of, $38, 
p33. 
signals, $41, p34. 
work, guard rails, and curves, Special, §37, 
pol. 
Traction methods, Comparison of, $42, pl. 
Tractive effort characteristic, $40, p9. 
effort, Effect on, of change in gear-ratio, 
$40, p12. 
effort, motor torque, gear-ratio, and speed, 
Relation between, §40, p9. 
Trailers, $89, p37. . 
Train acceleration, §36, p46. 
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Train—(Continued) 
cable, Multiple-unit, §42, p40. 
handling, §41, p73. 
line, Charging, $41, p73. 
-line coupler, Westinghouse, $42, p61. 
line, Overcharging, $41, p73. 
line, Recharging, $41, p73. 
-line reduction, §41, p73. 
resistance, $36, p52. 
Several motor cars per, §42, p2. 
Tram rails, §37, p42. 
Transformer action of armature, $51, p7. 
Transit board, §41, p22. 
Transition curves, $37, p56. 
or compound, curves, $37, p57. 
Transmission, Polyphase, $36, p27. 
Single-phase, $36, p29. 
Triple valve, $41, p69. 
Trolley, $41, p4. 
Bow, $51, p76. 
Pantagraph, $51, p72. 
pole, $41, p4. 
system, Overhead-, $36, p4. 
wheel, $41, p7. 
wire, §37, p9. 
wire and feeders, §37, p21. 
wire, Connecting feeders to, §37, p35. 
-wire cross-overs, $37, p31. 
-wire frogs, §37, p29. 
wire, Hard-drawn copper, §37, p10. 
wire, Methods of arranging, $37, p11. 
wire, Offset in, §37, p23. 
wire, Shape of, §37, p10. 
-wire suspensions, $37, p26. 
wire, Tension on, $37, p24. 
wires, Splicing, $37, p33. 
Truck, Method of suspending motors on, 
§39, p46. 
Trucks, §39, p38. 
and bodies, Car, $39, p36. 
Classes of, $39, p38. 
Double, §39, p38. 
Single maximum-traction, §39, p38. 
Types of, $39, 41. 
Trunk connections, §41, pl. 
wire, $41, p2. : 
wires, Size of, §41, p24. 
Tubular steel poles, $37, p19. 
Turnout, Diamond, $37, p52. 
Thrown-over, $37, p52. 
Type 224 controller car-wiring diagram, $51, 
pss. 
924 Westinghouse controller, $51, p34. 
334-A controller, $51, p46. 
455 controller car-wiring diagram, $51, 
p39. . 
M control, Wiring diagrm for, $42, p26. 
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Type—(Continued) 
M control with current - limiting device, 
Wiring diagram of, $42, p32. 
M multiple-unit control, §42, p6. 
of panel heater, §41, p27. 
of switch, $41, p9. 
Types of motors, $40, p16. 
of series-parallel controllers, $40, p51. 
of trucks, $89, p41. 


U 


Union trolley stand, $41, pd. 

Unit-switch, alternating-current and direct- 
currént control, Westinghouse schedule 
Sh pol. 

-switch, alternating-current and direct- 
current control, Westinghouse schedule 
T-1, $51, p53. 

-switch, alternating-current control, West- 
inghouse, $51, p46. 

-switch control, A.-C. car-wiring diagram 
for, §51, p47. 

-switch control, Car-wiring diagram for, 
§42, pp72, 79. 

-switch control, Operation of, §42, p66. 

-switch control, Schedule F-1, $42, p74. 

-switch control, Schedule I, §42, ps3. 

-switch control,, schedule I, Car-wiring 
diagram for, §42. p83. 

-switch control system, Connections of, 
$42, p66. 

-switch control, Westinghouse, $42, p51. 

-switch group, Westinghouse, $42, p74. 

switch, Westinghouse, $42, pp53, 76. 

Unprotected bonds, $38, p16. 

Use of feeders, Economical, $39, pl. 


\ 


Value of excess pressure, $41, p75. 
Valve, Engineer’s, $41, pp48, 46, 71. 
Reducing, $41, p64. 
Triple, $41, p69. 
Voltage, $36, pp2, 60. 
Effect of increase in, $40, p9. 
Effects of low, §39, p16. 
relations in parts of motor windings, $51, 
p12. 
WwW 
Weather-proof feeder cables, §37, p8. 
Weber joint, §38, p3. 
Weight of rails, Cross-section and, $37, p37. 
of rails required per mile of track, §37, p39, 
Weights and dimensions of standard T rails, 
§37, p45. 
and sizes of wooden poles, Approximate, 
§37, p18. 
Weights of cars, §36, p41. 
of iron poles, Approximate, $37, p19. 


ERs INDEX 


Welded joints, Cast, $38, p4. 
Westinghouse car circuit-breaker, $41, p12. 
car fuse, §41, p14. 
control, $40, p74. 
controller, Type 224, §51, p34. 
cradle suspension, $39, p48. 
electric brake, $41, p77. 
grid coil, §41, p21. 
master controller, $42, p55. 
motor cut-out switch, §42, p42. 
No. 3 armature, $40, p36. 
No. 12, or 12A, armature, $40, p36. 
No. 38, or 388B, armature, $40, p36. 
No. 49 armature, $40, p36. 
No. 56 motor, $40, p27. 
No. 86 motor, §40, p27. 
starting coil, $41, p18. 
type 132 motor, $51, p16. 
unit switch, §42, p76. 
unit-switch, alternating-current and direct- 
current control, schedule T, §51, p51. 
unit-switch, alternating-current and direct- 
current control, schedule T-1, §51, p53. 
unit-switch, alternating-current control, 
$51, p46. 
unit-switch control, $42, p51. 
unit-switch control, schedule I, §42, p83. 
Wheel, $41, p4. 
diameter, Effect of change in, §40, p13. 
on wire, Pressure of, §41, p8. 
pole, and harp, $41, p6. 
Sleet, §41, p8. 
Trolley, §41, p7. 
Wheels, $39, p44. 


Winding room, $39, p32. 
Wire at curves, Erection of, §37, p22. 


bond with amalgamated contacts, §38, 
p21. 

Construction of span, $37, p11. 

hangers, Feeder-ear, §37, p28. 

hangers, Plain-ear, §37, p27. 

hangers, Strain-ear, §37, p27. 

Hard-drawn copper trolley, $37, p10. 

Methods of arranging trolley, $37, p11. 

Offset in trolley, §37, p23. 

Pressure of wheel on, §41, p8. 

Shape of trolley, §37, p10. 

Span, §37, p25. 

Splicing trolley, §37, p33. 

Tension on trolley, §37, p24. 

Trolley, $37, p9. 

Trolley, and feeders, $37, p21. 

Trunk, $41, p2. 


Wires, Guard, $37, p24. 


Size of trunk, $41, p24. 


Wiring diagram, $40, p54. 


diagram for type M control, §42, p26. 

diagram of automatic relay control, $42, 
p41. 

diagram of type M control with current- 
limiting device, §42, p32. 

of car house, $39, p30. 


Wooden poles, §37, p17. 
Working conductor, §37, p3. 


Y, Plain, $37, p51. 


Three-part, §37, p52. 
Through, $37, pd2. 
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